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Description 

FIELD OF THE INVENTION 
5 [0001] The invention relates to cancer and viral vaccines. 
BACKGROUND OF THE INVENTION 

[0002] The basic rationale for immune therapy against tumors is the induction of an effective immune response 
io against tumor-associated antigens (TAA), which in turn results in immune-mediated destruction of proliferating tumor 
cells expressing these antigens. For an immune response to be effective against TAAs comprising protein, these anti- 
gens must first be endocytosed by macrophages. Within macrophages, TAAs are degraded in the lysosomal compart- 
ment and the resulting peptides are expressed on the surface of the macrophage cell membrane in association with 
MHC Class II molecules. This expression mediates recognition by specific CD4 + helper T cells and subsequent activa- 
15 tion of these ceils to effect the immune response (Stevenson, 1991, FASEB J. 5:2250; Lanzavecchia, 1993, Science 
260:937; Pardoll, 1993, Immunol. Today 14:310). The majority of human TAA molecules have not been defined in 
molecular terms and as a consequence, no generic version of these molecules is available for exploitation as a potential 
anti -tumor vaccine. Attempts to modify autologous tumor cells in each individual patient as a means of eliciting an 
immune response to TAAs have met with little success. In order for autologous TAA-expressing tumor cells to function 
20 as effective vaccines, they must be opsonized in some manner so that their phagocytosis by macrophages is enhanced. 
[0003] To date, available viral vaccines comprise either infectious, attenuated live virus, non-infectious killed virus 
or subunits thereof. While live attenuated virus is a more efficacious vaccine than killed virus, vaccines of this type are 
often genetically unstable and thus, have the potential to revert to a wild type, virulent phenotype. In addition, adminis- 
tration of live attenuated vaccines is contraindicated in immunocompromised individuals and in pregnant women. Non- 
25 infectious, killed virus vaccines and vaccines comprising viral subunits also have disadvantages in that they have insuf- 
ficient immunogenic properties and must be administered in high concentrations at frequent intervals. 
[0004] Anti-Gal, a naturally occurring antibody present in all humans, specifically interacts with the carbohydrate 
epitope Gala1-3Gaipi-4GlcNAc-R (cc-galactosyl epitope). This antibody does not interact with any other known carbo- 
hydrate epitope produced by mammalian cells (Galili, 1993, Springer Seminar Immunopathology 15:153). Anti-Gal con- 
30 stitutes approximately 1% of circulating IgG (Galili et al., 1984, J. Exp. Med. 160:1519) and is also found in the form of 
IgAand IgM (Davine etal., 1987, Kidney Int. 31:1132; Sandrin et al., 1993, Proc. Natl. Acad. Sci. USA 90:1 1391). It is 
produced by 1% of circulating B lymphocytes (Galili et al., 1993, Blood 82:2485). 

[0005] Both anti-Gal and a-gaiactosyl epitope exhibit a unique distribution pattern in mammals. Anti-Gal is pro- 
duced abundantly in humans, apes and Old World monkeys, but is absent in New World monkeys, prosimians and non- 
35 primate mammals (Galili et al., 1 987, Proc. Natl. Acad. Sci. USA 84:1 369), in contrast, the a-galactosyl epitope is found 
as part of the terminal carbohydrate structure on glycolipids and on carbohydrate chains of glycoproteins, in particular 
on asparagine (N)-linked carbohydrate chains, in non-primate mammals, prosimians and New World monkeys, but is 
absent in Old World monkeys, apes and humans (Galili et al., 1987, Proc. Natl. Acad. Sci. USA 84:1369; Galili et al., 
1988, J. Biol. Chem. 263:17755). 
40 [0006] Asparagine (N)-linked carbohydrate chains similar to those present on mammalian cells, are found attached 
to envelope glycoproteins of viruses which bud from vertebrate cells (Klenk, 1990, p. 25-37. In: Regenmortel and 
Neurath (ed.). Immunochemistry of Viruses, II. The Basis for Serodiagnosis and Vaccines. Elsevier Publishers B.V., 
N.Y.). These carbohydrate chains most often are of the simple high-mannose type containing mannose and N- 
acetylglucosamine only or of the complex type wherein they contain additional carbohydrates such as galactose, N- 
45 acetylglucosamine, fucose and sialic acid. Oligosaccharide chains on viral glycoproteins are synthesized in large part 
by host cell glycosyiation enzymes (Kornfeld et al., 1985, Ann. Rev. Biochem. 54:631 ; Schlesinger et al., 1986, p. 121- 
148. In: Schlesinger and Schlesinger (ed.), The Togaviridae and Flaviviridae, Plenum Press, N.Y.; Rademacher et al., 
1988, Ann. Rev. Biochem. 57:785) ). 

[0007] Sialylated N-linked complex carbohydrate chains are common on viral glycoproteins and on cell surface 
50 glycoproteins since sialyltransferases, which are prevalent in the Golgi apparatus of all mammalian cells, "cap" N- 
acetyllactosaminyt residues of viral carbohydrate chains with sialic acid (Klenk et al., 1980, Curr. Topics Microbiol. 
Immunol. 90:19-48; Kornfeld etal., 1985, Ann. Rev. Biochem,. 54:631; Rademacher et al., 1988, Ann. Rev. Biochem. 
57:785). Geyer et al. (1984, Biochemistry 23:5628) report a-galactosyl epitopes as a major carbohydrate structure on 
Friend murine leukemia virus. 

55 

SUMMARY OF THE INVENTION 

[0008] The invention encompasses compositions and methods for enhancing an immune response to an antigen in 
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an anti-Gal synthesizing animal. In order to elicit an effective, protective immune response to a vaccine, the vaccinating 
antigen must be processed in vivo by antigen-presenting cells or macrophages. Processing includes uptake of antigen 
by macrophages, fragmentation of antigen within the lysosomal compartment of these cells and ultimately, presentation 
of the fragmented peptide on the membrane of the macrophage in association with class II major histocompatibility 

5 (MHC) molecules. According to the methods and compositions of the invention, an immune response to an antigen is 
enhanced by positioning a-galactosyl epitopes either on or juxtaposed to the antigen. When an antigen so treated is 
administered to an anti-Gal synthesizing animal, opsonization of the antigen is effected by binding of anti-Gal to the a- 
galactosyl epitopes thereby enhancing phagocytosis and subsequent processing of the antigen by macrophages. 
[0009] In one aspect, the invention features a method of inducing an immune response to an antigen in an anti-Gal 

10 synthesizing animal comprising providing an a-galactosyl epitope containing complex, which complex includes the anti- 
gen and a lipid bilayer, and administering an immunizing effective amount of the complex to the animal. 
[0010] In another aspect, the invention features a method of opsonizing an antigen in an anti-gal synthesizing ani- 
mal comprising providing an a-galactosyl epitope containing complex, which complex includes the antigen and a lipid 
bilayer, and administering an immunizing effective amount of the complex to the animal. 

is [001 1] In both aspects, the antigen is preferably positioned so that it is juxtaposed to the lipid bilayer. More prefer- 
ably, the antigen is either inserted in or encapsulated by the lipid bilayer. 

[001 2] In yet another aspect, the invention features a method of opsonizing an antigen in an anti-Gal synthesizing 
animal comprising encapsulating the antigen in a lipid bilayer to form a complex, incubating the complex in the presence 
of a-galactosyl epitope containing glycosphingolipids to effect insertion of the a-galactosyi epitopes into the lipid bilayer, 

20 and administering the complex so incubated to the animal. 

[001 3] In another aspect, the invention features a method of opsonizing a tumor cell in an anti-Gal synthesizing ani- 
mal having a tumor comprising obtaining the tumor cell from the animal, incubating the cell in the presence of a prepa- 
ration of a-galactosyl containing glycosphingolipids to effect insertion of the a-galactosyl epitopes into the membrane 
of the cell, irradiating the cell so treated and then administering the cell to the animal. 

25 [0014] In yet another aspect, the invention features a method of opsonizing a tumor associated antigen in an anti- 
Gal synthesizing animal having a tumor comprising obtaining a tumor associated antigen containing cell from the ani- 
mal, extracting the cell membrane of the cell, incubating the cell membrane in the presence of a-galactosyl epitope con- 
taining glycosphingolipids to effect insertion of the a-galactosyl epitopes into the membrane and administering the cell 
membrane so treated to the animal. 

30 [001 5] The invention includes yet another method of opsonizing a tumor associated antigen in an anti-Gal synthe- 
sizing animal having a tumor comprising obtaining a tumor associated antigen containing cell from the animal, incubat- 
ing the cell in the presence of neuraminidase, further incubating the cell in the presence of a1,3 galactosyltransferase 
and UDP-galactose to effect addition of a-galactosyl epitopes to the tumor associated antigens, irradiating the cell so 
incubated and administering the cell to the animal. 

35 [0016] In yet another aspect, the invention includes a method of opsonizing a tumor associated antigen in an anti- 
Gal synthesizing animal having a tumor comprising obtaining a tumor associated antigen containing cell from the ani- 
mal, extracting the cell membrane from the cell, incubating the cell membrane in the presence of neuraminidase, further 
incubating the cell membrane in the presence of al ,3 galactosyltransferase and UDP-galactose to effect addition of a- 
galactosyl epitopes to the tumor associated antigen and administering the cell membrane so incubated to the animal. 

40 [0017] Also included in the invention is an a-galactosyl epitope containing tumor cell of an anti-Gal synthesizing 
animal. 

[0018] The invention further includes a method of opsonizing a glycoprotein containing virus in an anti-Gal synthe- 
sizing animal comprising propagating the virus in an a-galactosyl epitope containing cell to effect addition of a-galacto- 
syl epitopes to the virus, separating the virus so propagated from the cell, suspending the separated virus in 

45 pharmaceutical^ acceptable carrier and administering the virus to the animal. 

[0019] In yet another aspect, the invention includes a method of opsonizing a glycoprotein containing virus in an 
anti-Gal synthesizing animal, wherein the glycoprotein has at its carbohydrate terminus a sialic acid residue. The 
method comprises incubating the virus in the presence of neuraminidase, further incubating the virus in the presence 
of a1,3 galactosyltransferase and UDP-galactose to effect addition of a-galactosyl epitopes to the glycoprotein, purify- 

so ing the virus so incubated, suspending it in a pharmaceutical^ acceptable carrier, and administering the virus to the ani- 
mal. 

[0020] In a further aspect, the invention includes a method of opsonizing a non-sialic acid containing glycoprotein 
containing virus in an anti-Gal synthesizing animal comprising incubating the virus in the presence of a1,3 galactosyl- 
transferase and UDP-galactose to effect addition of a-galactosyl epitopes to the glycoprotein, purifying the virus so 
55 incubated, suspending the virus in a pharmaceutical^ acceptable carrier and administering the virus to the animal. 
[0021] In yet another aspect, the invention features a viral vaccine effective in an anti-Gal synthesizing animal com- 
prising an immunizing effective amount of an a-galactosyl epitope containing virus, or a viral subunit, suspended in a 
pharmaceutical^ acceptable carrier. 
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[0022] In preferred embodiments, the tumor is a leukemia, lymphoma, myeloma, melanoma, ovarian carcinoma, 
lung carcinoma, mammary carcinoma, thyroid carcinoma, colon carcinoma or sarcoma. More preferably, the tumor is 
leukemia. 

[0023] In yet other preferred embodiments, the animal is a bird, an Old World monkey or a human, and more pref- 

5 erabJy, the animal is a human. 

[0024] In yet more preferred embodiments, the antigen is a component of an infectious agent belonging to the 
group consisting of a virus, a bacterium, a parasite and a yeast. More preferably, the virus is a member of the following 
virus families: Orthomyxoviruses, Rhabdoviruses, Hepadnaviruses, Togaviruses. Bunyaviruses, Retroviruses, Para- 
myxoviruses, Flaviviruses, Herpesviruses, Arenaviruses, or Reoviruses. Even more preferably, the virus is an influenza 

io virus, a rabies virus, a human immunodeficiency virus, a hepatitis B virus, an eastern, western or Venezuelan equine 
encephalitis virus, a Japanese encephalitis virus, a tick-borne encephalitis virus, a Russian spring-summer encephalitis 
virus or a Rift Valley fever virus. Most preferably, the virus is influenza virus or eastern equine encephalitis virus and the 
antigen is influenza virus hemagglutinin or eastern equine encephalitis virus E1 or E2 glycoprotein, or glycoproteins of 
human immunodeficiency virus. 

is [0025] The invention should also be construed to include other carbohydrates capable of binding to anti-Gal to 
effect opsonization of an antigen according to the methods of the invention. For example, melibiose and like carbohy- 
drates may bind anti-Gal to effect opsonization. The invention further includes synthetic a-galactosyl epitopes and like 
carbohydrate structures and also includes synthetic or naturally occurring glycolipids other than GSLs which contain ot- 
galactosy! epitopes capable of interacting with anti-Gal. 

20 [0026] By antigen is meant any antigen whose presence in an animal is associated with a disease state, including 
but not limited to, tumor associated antigens and viral, bacterial, parasitic and fungal antigens. Also included in the term 
virus are whole infectious organisms or subunrts thereof. 

[0027] By subunrt is meant a portion of a virus or antigen which is itself antigenic, i.e., capable of inducing an 
immune response in an animal. The term should be construed to include subunits which are obtained by both recom- 

25 binant and biochemical methods. 

[0028] By tumor cell is meant a cell which is a component of a tumor in an animal, or a cell which is determined to 
be destined to become a component of a tumor, i.e., a cell which is a component of a precancerous lesion in an animal. 
[0029] The term tumor associated antigen (TAA) includes all antigens associated with a tumor in an animal, includ- 
ing the traditionally named TAAs. 

30 [0030] By opsonization of an antigen is meant binding of the antigen by anti-Gal thereby effecting enhanced phago- 
cytosis and subsequent MHC -associated expression of the antigen by macrophages in the presence of a-galactosyl 
epitopes compared with phagocytosis and expression of the antigen by macrophages in the absence of a-galactosyl 
epitopes. 

[0031] By anti-Gal synthesizing animal is meant an animal which naturally expresses IgG, IgA or IgM anti-Gai anti- 
35 body. 

[0032] The term animal should be construed to include all anti-Gal synthesizing animals including those which are 
not yet known to synthesize anti-Gal. For example, some animals such as those of the avian species, are known not to 
synthesize a-galactosyl epitopes. Due to the unique reciprocal relationship among animals which synthesize either 
anti-Gal or a-galactosyl epitopes, it is believed that many animals heretofore untested in which a-galactosyl epitopes 
40 are absent may prove to be anti-Gal synthesizing animals. The invention also encompasses these animals. 

[0033] By immunizing effective amount is meant an amount of antigen which elicits an immune response when 
administered to an anti-Gal synthesizing animal. 

[0034] By juxtaposed to is meant that the antigen and a-galactosyl epitope are positioned near each other such that 
upon binding to anti-Gal they are together phagocytosed by a single macrophage. This term should also be construed 
45 to include (i) encapsulation of antigen by a lipid bilayer, (ii) micelle-like structures comprising lipid bilayer and antigen, 
wherein either the lipid bilayer or antigen has attached thereto a-galactosyl epitopes, and (iii) whole cells or membrane 
fragments. 

BRIEF DESCRIPTION OF THE FIGURES 

50 

[0035] 

Figure 1 is a photograph depicting isolation of rabbit GSLs (glycosphingolipids) enriched for ceramide pentahexo- 
side (CPH) and long chain (LC) GSLs. Lane 1 - GSL in the lower organic phase; Lane 2 -GSL in the upper aqueous 
55 phase. Both fractions contain CPH and ceramide trihexoside (CTH). However, the relative proportion of CPH in the 
aqueous phase is higher than that of CTH. In addition, LC-GSLs partition exclusively to the upper aqueous phase. 
Figure 2 is a graphical representation of the insertion of a-galactosyl epitope containing GSLs into cell membranes. 
Cells (1 X 10 7 /ml) were incubated in MEM in the presence of 0,2 mg/ml GSL for 2 hours at 37°C. Untreated cells 
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served as a control. Unbound GSLs were removed by washing and biotinylated anti-Gal, Gal-13 or BS lectin (each 
at a concentration of 20 ug'ml) were individually added to alkquots of the cells and incubation was continued for 2 
hours at room temperature. Next, the cells were incubated for 1 hour in the presence of l25 i-avidin. Unbound avidin 
was removed and the amount of radioactivity associated with the cells was assessed in a gamma counter. Open 
columns - cells containing GSLs; closed columns - untreated cells. The results, are the mean ± the standard devi- 
ation, of five separate experiments. 

Figure 3 is a graph depicting measurement of the number of a-galactosyl epitopes bound per cell. The number of 
a-galactosyl epitopes was assessed in a radioimmunoassay, wherein binding of anti-Gal to test cells was com- 
pared with binding of anti-Gal to the marmoset cell line, B95.8 which has been determined by Scatchard plot anal- 
ysis to express 1.2 X 10 7 a-galactosyl epitopes per cell. (•) B98.5 cells; (□) HTB70 cells; (a) Raji cells; (a) ALL-t 
cells; (O) Molt4 cells. In addition, HTB70 cells treated with GSL as above followed by incubation at 37°C for 4 
hours in the absence of GSLs prior to fixation were also examined (■). 

Figure 4. A. A photomicrograph depicting the interaction of anti-Gal coated red blood cells with human Fc recep- 
tors. A mixture of anti-Gal coated red Wood cells and the human myeloid cell line K562, was incubated for 30 min- 
utes at room temperature. The micrograph depicts rosette formation resulting from the interaction of the Fc portion 
of the anti-Gal IgG with Fc receptors on the cells. B. A photomicrograph depicting anti-Gal mediated phagocytosis 
of rabbit red Wood cells by mouse macrophages. Anti-Gal coated rabbit red blood cells were incubated with immo- 
bilized mouse macrophages for 2 hours at 37°C after which the macrophages were washed, fixed and stained with 
Giemsa. It is evident that the macrophages contain several red blood cells per macrophage, whereas, fibroblasts 
within the macrophage cell culture (arrowhead) are devoid of red blood cells. 

Figure 5 is a graphical representation of the number of anti-Gal molecules bound to GSL-treated cells. GSL-treated 
cells (open columns) untreated cells (closed columns) were incubated in the presence of anti-Gal and subse- 
quently with 125 l protein A. The number of anti-Gal molecules per cell (in parentheses) was assessed from the 
amount of radioactivity bound to the cells. 

Figure 6 is a gel depicting immunoreactivity of EEE Vero and EEE 3T3 (eastern equine encephalitis virus propagated 
in Vero or 3T3 cells, respectively) virion structural proteins with anti-Gal antibody and BS lectin. Lane 1 -EEE Vero 
and Lane 2 - EEE 3T3 both reacted with anti-Gal. Lane 3 - EEE Vero and Lane 4 - EEE 3T3 both reacted with BS lectin. 
Binding to the capsid protein (C) represents non-specific binding in all four situations. 

Figure 7 is a graph of a radioimmunoassay depicting binding of anti-Gal to bovine thyroglobulin (O). EEE 3T3 (□), 
and EEE Vero (a). 

Figure 8. A. A graphical representation of plaque reduction neutralization of EEE Vero and EEE 3T3 viruses induced 
by anti-Gal. The percent of plaque reduction versus amount of anti-Gal is shown for EEE Vero (■), and EEE 3T3 (Q, 
o, a), each symbol representing a separate experiment with this virus. B. A photograph of a representative plaque 
reduction neutralization assay using EEE 3T3 and 0, 20, 10, 5, 2.5, and 1.25 ng/ml anti-Gal as indicated. 
Figure 9. Nucleotide and deduced amino acid sequence of marmoset a1,3GT cDNA (top), and comparison with 
murine a1,3GT DNA (bottom). The transmembrane region is underlined. Dots represent nucleotides in murine 
DNA which are identical to marmoset DNA. Dashed lines indicate nucleotides which are absent in murine DNA 
compared with marmoset DNA. 

Figure 10. A comparison of the amino acid composition of marmoset and murine a1 ,3GT in sections of 20 amino 
acids. The carboxyl terminus set comprises 1 6 amino acids. 

Figure 1 1 is a graphical representation of the transfer of 3 H-Gal to various carbohydrate acceptors by recombinant 
marmoset al ,3GT secreted by transfected COS cells. The data represent the mean ± the standard deviation of the 
results of five separate transection studies. 

Figures 12A and 12B are plots of BS lectin (12 A) and anti-Gal antibody (12B) binding to PR8 virus propagated in 
various cells. % PR8 MDBK virus; □. PR8 MDCK virus; a, PR8 egg virus. The binding was determined in ELISA using 
different concentrations of biotinylated lectin or antibody, then avidin-HRP. Data is shown from one experiment of 
three such experiments with similar results. 

Figure 13 is a Western blot demonstration of the interaction of anti-Gal with hemagglutinin fragments HA^ (m.w. 
53,000) and HA 2 (m.w. 28,000) of PR8 MDBK virus (lane 1), inactivated PR8 MDBK virus (lane 2); PR8 MDCK virus 
(lane 3); and PR8 9gg virus (lane 4). 

Figures 14A, 14B and 14C are plots showing the effect of anti-Gal on the presentation of HA antigenic peptides 
from inactivated PR8 egg virus (14 A), PR8 MDBX virus (14B), and PR8 MDBK virus (14C) by splenic irradiated APC. 
The presentation was measured by the proliferative response of HA specific T H cells. ., virus without anti-Gal; • 
virus pre-incubated with anti-Gal. Virus concentration corresponds hemagglutination units per ml (HAU/ml) prior to 
the inactivation with formalin. 

Figure 15 ("ENZYME REACTION") shows the transfer of [ 3 H]Gal from UDP-[ 3 H]Gal to influenza virus by recom- 
binant (rec.) marmoset a1,3GT. Controls of absence of enzyme ("NO ENZYME"), and absence of virus in the 
enzyme reaction ("NO VIRUS"), are included. The data represent the mean ± S.E. of three experiments. 
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Figures 16A and 16B are plots of the binding of biotmylated anti-Gal (16A). or biotinylated BS-lectm (16B) to vari- 
ous influenza virus preparations in ELISA. {.) - virus subjected to a-galactosyl epitope synthesis by rec, al ,3GT; 
(□) - virus incubated with a1 ,3GT but in absence of UDP-Gal. so a-galactosyl epitopes could not be synthesized; 
(^) original untreated virus. 

5 Figure 1 7 shows the transfer of [ 3 H]Ga! from UDP-[ 3 H]Gal to 10 7 human red cells ("RED CELLS"), or 10 7 human 

red cells treated with Vibrio cholera neuraminidase ("RED CELLS (VCN)"). Controls (no enzyme) represent the 
nonspecific retention of UDP-[ 3 H]Gal following harvesting of the red ceils. Note that following VCN treatment many 
more N-acetyllactosamine residues are available for transfer of [ 3 H]Gal. The data represent the mean ± S E. of 
three experiments. 

io Figure 18 shows the binding of biotinylated anti-Gal (5ng/ml). or biotinylated BS lectin (20\xg/m\) to 10 7 human red 
cells with de novo synthesized a-galactosyl epitopes, as assessed by subsequent binding of 125 l-avidin. Controls 
represent 10 7 VCN-treated red cells which were not subjected to a1 ,3GT activity. The data represent the mean of 
two experiments. 

Figure 19A and 19B are plots of the binding of biotinylated anti-Gal (19A), or biotinylated BS-lectin (19B) to human 
15 red cells with a-galactosyl epitopes (.), or to control VCN-treated red cells (□), in ELISA. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] In order to effectively opsonize TAAs or viral antigens or any other antigen according to the methods of the 
20 invention, a-galactosyl epitopes must first be positioned either onto membranes containing the antigens to be 
opsonized or onto the antigens themselves. This can be accomplished using three basic methods. The first involves 
extraction of a-galactosyl epitope containing GSLs from a GSL-rich source, such as but not limited to rabbit red blood 
cell membranes, followed by incubation of GSLs with a membrane preparation containing the subject antigen to effect 
insertion of the GSLs into the membrane. In this case, a-galactosyl epitopes present on GSLs are not physically trans- 
25 ferred onto the antigen Rather, epitopes attached to GSLs are dispersed among molecules of antigen also embedded 
within the membrane, or epitopes attached to GSLs are dispersed in a membrane preparation which membrane con- 
tains the test antigen enclosed within it. Binding of anti-Gal to the epitopes so inserted induces phagocytosis by mac- 
rophages of the membrane, and therefore the antigen associated therewith, resulting in efficient processing and 
subsequent expression of the antigen. 
30 [0037] In the second method, a-galactosyl epitopes are added directly to the carbohydrate moiety of the antigen of 
choice by means of a biochemical reaction using the enzyme a1 ,3 galactosyltransferase (a1 ,3GT). This enzyme cata- 
lyzes the following reaction: 

Gaipi-4GlcNAc-R + UDP-Gal N-acetyllactosamine a1 3GT . Gala1-3Gaipi-4GlcNAc-R + UDP a-galactosyl epitope 

35 

(Basu et al., 1 973, J. Biol. Chem. 248:12700; Elices et al.; 1986, J. Biol. Chem. 261 :6064; Blanken et al., 1985, J. Biol. 
Chem. 260:12927). Recombinant a1,3GT which may be used in the reaction has been obtained from several different 
species including the New World monkey, the marmoset (described below). In order for a-galactosyl epitopes to be suc- 
cessfully added to an antigen, terminal sialic acid residues if present, must first be removed. This is easily accomplished 
40 using the enzyme neuraminidase. 

[0038] In the third method, cells known to express a-galactosyl epitopes serve as hosts for virus replication. Viruses 
so replicated thus contain a-galactosyl epitopes attached to their glycoproteins. This method is applicable to all viruses 
and other intracellular parasites which acquire a-galactosyl epitopes during replication in a-galactosyl epitope synthe- 
sizing ceils. 

45 [0039] Membrane preparations include whole tumor cells or membrane fractions thereof, complete virus particles, 
fractions of viral envelopes or viral subunits embedded in a lipid bilayer such as a liposome. Membrane preparations 
also include natural or artificial membranes into which antigens are inserted, or natural or artificial membranes which 
contain antigens associated therewith, for example, wherein the membrane actually encapsulates the antigen. An anti- 
gen may be encapsulated within a membrane by sonication of a mixture of membrane and antigen. Alternatively, the 

so antigen may be inserted directly into the membrane provided it contains a membrane insertion signal. Such a mem- 
brane insertion signal may be naturally present as a component of the antigen, or it may be engineered to be an integral 
component of the antigen using recombinant techniques known to those of skill in the art. In addition, membrane prep- 
arations which have antigen associated with them, which antigen is neither encapsulated nor inserted into the mem- 
brane may also be useful. Such preparations usually comprise micelletype arrangements of antigen and membrane 

55 formed as a result of mixing preparations of membrane and antigen. Preparations of membranes also include resealed 
red blood cell membranes derived from lysed cells (ghosts), which membranes may contain a-galactosyl epitopes. 
[0040] When whole cells are used as membrane antigen preparations, the cells are irradiated such that they are 
rendered non-viable prior to administration to the animal. Irradiation is accomplished using X-rays or gamma rays at a 
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cell-killing dose, which dose depends upon the type and number of cells and which will be readily apparent to a skilled 
artisan. 

[0041 ] Viral subunits may be obtained from virions using biochemical methods or they can be expressed by recom- 
binant means in suitable eukaryotic cells Methods of expressing viral subunits are common in the art which methods 

5 may vary according to the type of virus used. For example, methods of expressing viral subunits are described in the 
following articles and in the references cited therein: Possee, 1986. Virus research 5:43; Kuroda et al., 1986, EM BO J. 
5: 1359; Doerfler, 1986, Curr. Topics Microbiol. Immunol. 131:51; Rigby, 1983, J. Gen. Virol. 64:255; Mackett et al., 
1985, In: DNA Cloning, A Practical Approach, Vol II, Ed. D.M. Glover, IRL Press, Washington, DC; Rothestein, 1985, 
In: DNA Cloning, A Practical Approach. Supra: Kinney et al., 1988. J. Gen. Virol. 69:3005; Panical et a!., 1983, Proc. 

to Natl. Acad. Sci. USA 80:5364; Small et al., 1 985, In: Vaccinia Viruses as Vectors for Vaccine Antigens, pp. 175-178, Ed. 
J. Quinnan, Elsevier, NY. 

[0042] Suitable eukaryotic cells include avian and mammalian cells which synthesize a-galactosyl epitopes or 
which can be biochemically altered such that they serve as acceptors for such epitopes. Yeast cells may also be used 
provided the subject carbohydrate structures are also altered biochemically to accept a-galactosyl epitopes (Robbins 
75 etal., 1977, Cell 12:893). 

[0043] To opsonize tumor cells and thereby enhance their phagocytosis by macrophages, methods have been 
developed which position a-galactosyl epitopes on tumor cells. Cells so treated are capable of binding anti-Gal, which 
binding promotes phagocytosis by macrophages. Cells, or membrane fractions obtained therefrom, of any tumor may 
be opsonized according to the methods of the invention. Such tumors include but are not limited to leukemias; lympho- 
ma mas; myeloma; melanoma; carcinomas including ovarian, lung, mammary, thyroid and colon carcinoma; and, sarco- 
mas. Following the addition of a-galactosyl epitopes to tumor cells, the cells are irradiated or are killed by any other 
means prior to re-administration to the patient. 

[0044] The invention is not limited solely to use of autologous tumor cells. Rather, suitably treated allogeneic tumor 
cells may also be useful as tumor vaccines. Such cells may be prepared according to the methods described in Morton 
25 et al. and in Mitchell et al (both published in Specific Immunotherapy of Cancer with Vaccines, 1 993, Bystran et al., eds. 
New York Academy of Sciences, NY, pp. 120 and 153, respectively). 

[0045] Also included in the invention are all known and as yet unidentified viruses as candidate vaccines in that it 
is possible to opsonize any virus or subunit thereof according to the methods of the invention. For example, for those 
viruses which contain glycoproteins as a component of the virion, a-galactosyl epitopes may be added directly to the 

30 glycoproteins by propagation of virus in cells synthesizing such epitopes or by direct biochemical addition using 
al ,3GT. Alternatively, whole virus or viral subunits, either with or without glycoprotein moieties, may be encapsulated in 
or positioned juxtaposed to membrane containing particles which particles have a-galactosyl epitopes capable of bind- 
ing anti-Gal, thus inducing phagocytosis by macrophages. Furthermore, there exists viruses without envelopes which 
viruses contain complex carbohydrates onto which a-galactosyl epitopes may be added. Moreover, it is possible to 

35 render viral subunits which do not naturally contain membrane insertion signals capable of being inserted into a lipid 
bilayer by genetic engineering. Such techniques are common in the art and are described for example in Sambrook et 
al., (1989, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor, NY) and in Masilbay et al. (1993, J. Biol. 
Chem. 268:9908). Alternatively, subunits may be linked by biochemical techniques to hydrophobic moieties which may 
themselves be inserted into a membrane. 

40 [0046] Viruses for which vaccines are currently available and whose efficacy can be improved according to the 
methods of the invention include influenza virus (Orthomyxovirus); rabies virus (Rhabdovirus); hepatitis B virus (Hepad- 
navtrus); eastern, western and Venezuelan equine encephalitis virus (Togavirus/ Alphavirus genus); and. Japanese 
encephalitis virus, tick-borne encephalitis virus and Russian spring-summer encephalitis virus (Flavivirus); Rift Valley 
fever virus (Bunyavirus) reviewed in Mel nick (1985) In: High Technology Route to Virus Vaccines Ed. Dreesman, Bron- 

45 son and Kennedy, American Society for Microbiology, Washington, D.C ) and in Ogra et al. (1990, Prog. Med. Virol. 
37:156). Viruses for which vaccines are not yet commercially available but which may also be useful when treated 
according to the methods of the invention include, but are not limited to human immunodeficiency and human T-cell 
leukemia viruses (Retrovirus); respiratory syncytial virus and other paramyxoviruses (Paramyxovirus); herpes simplex 
viruses types 1 and 2, varicella zoster virus, cytomegalovirus and other herpes viruses (Herpesviruses); dengue virus 

so and Saint Louis encephalitis virus (Flavivirus); hantaan virus (Bunyavirus); Lassa virus (Arenavirus); and, rotavirus 
(Reovirus). In addition, there exist viral vaccines comprising live attenuated viruses the administration of which to 
humans is associated with some measure of risk of mild to severe side effects. It is now possible according to the meth- 
ods of the invention to enhance the immunogenicity of killed virus vaccines which may serve to reduce the use of their 
live, more risk-associated counterparts. Thus, vaccines which currently comprise live virus such as measles virus, 

55 mumps virus, rubellavirus etc. are all encompassed by the invention. 

[0047] Antigens which can be opsonized according to the methods of the invention therefore encompass all anti- 
gens whose phagocytosis by macrophages is enhanced because of the addition of a-galactosyl epitopes either directly 
thereon or because of their juxtaposition to such epitopes. 
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[0048] Vaccines are prepared by suspension of a suitable concentration of a-galactosyl epitope containing antigen 
in a pharmaceutical^ acceptable carrier The composition of the earner will depend upon the type of vaccine and the 
route of administration and will be readily apparent to one skilled in the art. The vaccine may be administered in a dose 
of 10 to 10 cells per dose (in the case of whole cells) or a similar equivalent of cell membranes In the case of viral 

5 vaccines, virus may be administered in dose ranging from 1 ng to 50 mg of virus per dose, or a similar equivalent of 
subunrt. Determination of the appropriate dosage of vaccine will be apparent to one of skill in the art and will depend 
upon the antigens comprising the vaccine, the age of the patient and their general and immunological health In the 
case of tumor vaccines, dosage will also depend upon the severity and type of tumor to be treated and may be deter- 
mined empirically for each individual patient. Unless patients with tumors are severely immunocompromised it has been 

w discovered that their levels of circulating anti-Gal are normal 

[0049] In order to improve the efficacy of tumor and viral vaccines prepared according to the methods of the inven- 
tion, patients may be pretreated with adjuvant at the site of vaccination several days prior to administration of vaccine 
Pretreatment with adjuvant serves to induce migration of macrophages to the site of inoculation, thereby enhancing the 
rate of phagocytosis of opsonized antigens. Alternatively and particularly in the case of viral vaccines patients may be 

is treated with adjuvant and vaccine simultaneously. Adjuvants suitable for this purpose include aluminum hydroxide and 
like adjuvants. 

[0050] Vaccines are administered to a mammal, particularly a human, either subcutaneously. intramuscularly 
orally, intravenously, intradermal!* intranasal^ and intravaginally. Prior to oral administration, the vaccine is first mixed 
with a solution containing a sufficient amount of sodium bicarbonate or other suitable compound capable of neutralizinq 
20 stomach acid (approximately 2 grams). Alternatively, the vaccine usually in lyophilized form, can be formulated as tab 
lets which tablets are treated with a coating capable of resisting stomach acid. There will now be described experimen- 
tal details for the practice of the invention. The examples given below relate to but are not limited to opsonization of 
tumor cells and viruses As will be evident from the dala presented, the methods of the invention are applicable to 
opsonization of any vaccine-candidate antigen. 
» [0051 ] Isolation and biotinylation of anti-Gal. Anti-Gal was isolated from normal Wood group AB sera by affinity 
chromatography on synthetic Galal -3Gaipi -4GlcNAc-R linked to Synsorb beads (Synsorb 1 15, Chembiomed Edmon- 
ton, Alberta, Canada) (Galili etal., 1987, J. Exp. Med. 165:693; Galili etal., 1987. Proc. Natl. Acad. Sci USA 84 1369" 
Gahl, et al.. 1988, J. Biol. Chem. 263:17755). Briefly, 100 ml batches of pooled, heat-inactivated AB human plasma 
were loaded onto a column containing 10 ml of Synsorb 1 15 beads. The column was washed at 37°C with phosphate 
buffered saline (PBS) prewarmed to 37°C. An amount (0.3 M) of a-methylgalactoside (Sigma) was applied to the col- 
umn which was then incubated for 12 hours at 37°C to allow for specific elution of anti-Gal. The eluate was collected 
and dia lyzed at 4»C against 4 liters of PBS in order to remove a-methylgalactoside. The dialysis buffer was changed 
every 24 hours for 4 days. The concentration of anti-Gal was measured by spectroscopy at 280 nm and antibody activity 
was assessed in a hemagglutination assay using rabbit red Wood cells (Galili et al., 1985. J. Exp Med 162 573) 
f 0052 I, u. al ' qUOt * an,ibod y at a concentration of 100 (ig/ml in PBS, pH 7.4, was subjected to biotinylation as fol- 
ows. N-hydroxysuccinimide-LC-biotin (Pierce. Rockford. IL) was added to the anti-Gal preparation at a final concentra- 
tion of 3 mg/ml. The mixture was incubated for an initial 2 hours at room temperature followed by overnight at 4°C After 
additional dialysis to remove free biotin, biotinylated anti-Gal was re-chromatographed on a Galal -3Gaipi-4GlcNAc-R 
Synsorb column, eluted with a-methylgalactoside and dialyzed as described above. Both biotinylated and nonbioti- 
nylated anti-Gal preparations were stored at 20°C in PBS containing 1% BSA. 
[0053] Isolation of GSLs. Both rabbit and bovine red blood cell membranes are rich sources of a-galactosvl 
epitopes (Galili et al.. 1987. Proc. Natl. Acad. Sci. USA 84:1369; Chier, et al., 1979. J. Lipid Res. 20 669) The GSLs of 
rabbit red Wood cell membranes comprise CPH having the structure Galal -3GalfS1 -4GlcNAcpl -4Gaipi -4Glc-Cer and 
^"0 1he structure Galal -4Gaipi-4Glc-Cer (Figure 1) (Eto et al„ 1968. J. Biochem. (Tokyo) 64 205- Stellner et 
al.. 1973, Arch. Biochem. Biophys. 133:464). In addition, rabbit red Wood cell membranes contain GSL molecules with 
k>nger hnear or branched carbohydrate chains which also have terminal a-galactosyl epitopes (Honma et al 1 981 J 
Biochem. (Tokyo) 90:1 187; Egge et al., 1985, J. Biol. Chem. 260:4927). Thus, both CPH and long chain GSLs contain 
terminal a-galactosyl epitopes and readily interact with anti-Gal (Galili et al., 1987. J. Exp. Med 165 593 Galili et al 
1987, Proc. Natl. Acad. Sci. USA 84:1369). 

, J° iS °' ate QSLS containin fl "-galactosyl epitope, total lipid was extracted from membranes obtained from 
rabbrt red Wood cells using a ten-fold volume of chloroform:methanol (2:1 vol.vol). Nonsoluble material was removed 
from the extract by paper filtration. While constantly stirring, water was added in a volume corresponding to 25% of the 
volume of the extract. The mixture was held at 4°C whereupon the components of the mixture separated into two 
phases, an upper aqueous phase comprising approximately 70% of the total volume and a lower organic phase com- 
prising 30% of the total volume. The approximate relative proportions of chloroform, methanol and water in the upper 
phase are 3.48:47 by volume, and those in the lower phase are 86:14:1 . Hydrophobic phospholipids are known to be 
retained in the lower organic phase (Floch et al.. 1957, J. Biol. Chem. 226:497) while GSLs partition between the two 
phases. The organic solvents were removed from the upper phase using a rotary evaporator and the remaining solution 
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was tyophilized, dissolved in water and dialyzed to remove salts. The suspension was again lyophilized, dissolved in a 
mixture of chloroform, methanol and water [30:65:8 (vol:vol)] and then chromatographed through a DEAE™ sephadex 
column to remove gangliosides (Galili et al., 1987, Proc. Natl. Acad. Sci. USA 84:1369). 

[0055] GSLs which contain high amounts of carbohydrates are less hydrophobic than GSLs which contain low 
amounts of carbohydrates. Thus, GSLs comprising five or more carbohydrates preferentially partition to the upper 
aqueous phase in the experiment described above. This is evident in Figure 1 in which GSLs obtained from the lower 
phase (lane 1) and upper phase (lane 2) were separated by thin layer chromatography (TLC) and subsequently stained 
with orcinol. it is apparent that there is more CPH in the upper phase compared with CTH and that the upper phase 
contains long chain (LC) GSLs which are absent from the lower phase. 

[0056] GSLs extracted from the upper phase were dissolved in phosphate buffered saline to a final concentration 
of approximately 1 mg/ml. The mixture was sonicated using a Branson sonrtier probe until the suspension became 
clear. The concentration of a-galactosyl epitopes on GSLs in the resulting suspension was 2 mM when assessed by 
radioimmunoassay (Thall et al., 1990, Biochemistry 29:3959). Approximately 70 nmoles of a-galactosyl epitopes are 
obtained from 1 liter of rabbit red cells using the procedures described above. 

[0057] Insertion of GSLs into membranes. To insert GSLs comprising a-galactosyl epitopes into cell mem- 
branes, 0.1 ml of the GSL suspension was added to 10 x 10 6 cells suspended in 0.4 ml minimal essential medium 
(MEM). The cells were incubated at 37°C for 120 minutes with occasional stirring and were then washed three times 
with MEM. The presence of the inserted GSL molecules was assayed using human anti-Gal, the monoclonal antibody 
Gal-13, or the lectin Bandeiraea simplicifolia IB4 (BS lectin), each of which specifically interacts with the a-galactosyl 
epitope (Galili et al., 1985, J. Exp. Med. 162:573; Galili et al., 1987, J. Biol. Chem. 262:4683; wood et al., 1979, Arch. 
Biochem. Biophys. 198:1). The results are shown in Figure 2. Raji cells (a human lymphoid cell line) incubated in the 
absence of GSLs bound antibody and lectin at basal non-specific levels However, cells which were incubated in the 
presence of GSLs bound both human anti-Gal and Gal-13 antibody, and BS lectin. Thus, the membranes of Raji cells 
incubated in the presence of GSLs contained a-galactosyl epitopes 

[0058] The number of a-galactosyl epitopes added to cells in the experiment described above was estimated by 
radioimmunoassay (Thall et al., 1990, Biochemistry 29:3959) (Figure 3), wherein the marmoset cell line, B958, which 
contains approximately 1.2 x 10 7 a-galactosyl epitopes per cell, served as a positive control (Galili et al.. 1988, J. Biol. 
Chem. 263:17755). The assay is a competition assay designed to measure the extent of inhibition of binding of bioti- 
nylated anti-Gal to immobilized a-galactosyi epitopes in test wells, by a-galactosyl epitopes in suspension. Whereas, 
control Raji cells did not inhibit binding of anti-Gal even at a concentration of 4 x 10 6 cells/ml. Raji cells incubated in the 
presence of GSLs inhibited binding of anti-Gal by up to 50% at a concentration of 1 x 10 6 cells per ml (i.e. 100-fold 
higher concentration than that required for 50% inhibition of binding by B958 cells). Based upon these results, the 
number of a-galactosyl epitopes per Raji cell was estimated to be 1 .2 x 1 0 5 . Three other cell lines were tested for their 
ability to incorporate a-galactosyl epitopes into their membranes. The human melanoma cell line, HTB70, was 
observed to incorporate approximately 4 x 10 5 epitopes/cell; the pre-B leukemia ceil line, ALL-1 . incorporated 6 x 10 4 
epitopes per cell; and, the T leukemia cell line, Mott-4, incorporated approximately 3 x 10* epitopes per cell. 
[0059] The assay described above also enabled an examination of the stability of a-galactosyl epitopes when incor- 
porated into cell membranes. HTB70 cells containing rabbit GSLs were washed and incubated in the absence of GSLs 
for 4 hours at 37°C, following which they were fixed and assayed for the presence of a-galactosyl epitopes as described 
above. The data are presented in Figure 3. Cells so treated contained 2 X 10 5 a-galactosyl epitopes per cell, i.e.. one 
half of the number of epitopes present prior to the 4 hour incubation period. When cells were incubated for 20 hours in 
the absence of GSLs following their addition to cells, a complete loss of a-galactosyl epitope expression was observed. 
However, the rate at which irradiated cells lose these epitopes is expected to be considerably lower because the turn- 
over rate of membranes in irradiated cells is markedly reduced compared with live cells. Opsonization effected by bind- 
ing of anti-Gal to a-galactosy! epitopes added to cell membranes as described above was examined as follows. Binding 
of rabbit red blood cells, which as noted above contain an abundance of a-galactosyl epitopes, to cells of myeloid line- 
age was assessed in the presence or absence of anti-Gal. It is evident from Figure 4 that binding of rabbit red blood 
cells to the human myeloid cell line K562 occurred in the presence of anti-Gal. No binding was observed in the absence 
of this antibody. Furthermore, anti-Gal-coated rabbit red blood cells incubated in the presence of mouse macrophages 
were phagocytosed at a rate which was directly related to the concentration of anti-Gal applied to the cells (Figure 4). 
In contrast, negligible phagocytosis of untreated cells was observed (Figure 4). Therefore, binding of anti-Gal antibody 
to a-galactosyl epitope containing cells serves to accelerate the rate at which they are phagocytosed. 
[0060] To quantitate the number of anti-Gal IgG molecules bound per cell, cells containing epitopes were incubated 
with anti-Gal in the presence of 125 1 protein A. Since protein A and IgG interact with each other at a ratio of 1:1, the 
number of anti-Gal molecules per cell can be determined based upon the specific activity of 125 l protein A. As is seen 
in Figure 5. binding of 125 l protein A (and therefore anti-Gal) to the four GSL treated cell lines was two- to seven-fold 
higher than binding of the antibody to untreated cells. In this experiment, approximately 1000 cpm of 125 l protein repre- 
sented 10 s molecules. Thus, the number of anti-Gal molecules bound was calculated to be 262 to 1142 per cell. It is 
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expected that binding of anti-Gal to a-galactosyl epitopes in vivo will be much higher than that observed in vitro 
because of the stringent washing involved in the in vitro assay which obviously would not be the case in vivo. 
[0061] These data provide evidence that freshly separated tumor cells may be converted into cells which contain 
a-galactosyl epitopes on their surface. In addition, the potential for anti-Gal to opsonize tumor cells or membrane frac- 
tions thereof is evident from these experiments. Thus, tumor cells obtained from a patient may be treated according to 
the methods described above. When cells so treated are irradiated and re-administered to the patient from which they 
were obtained, they will bind anti-Gal thereby enhancing their phagocytosis and subsequent expression of autologous 
TAAs on the macrophage surface. TAAs so expressed serve to elicit an immune response against all like TAAs including 
those resident on cells remaining in the tumor, thereby eliciting an immune response against the tumor itself. 
[0062] The invention is not limited to insertion of a-galactosyl epitopes into membranes of whole cells. Rather, TAA 
containing cell membranes may be prepared from celts which membranes are then incubated in the presence of GSLs 
by generally following the methods described above. Alternatively, synthetic membranes may also be useful in the 
invention. Variations of the methods described above may be required to effect insertion of a-galactosyl epitopes into 
such membrane preparations. For example, it may be necessary to vary the concentration of the components of the 
reaction and/or the length of the incubation period, etc. , depending upon the type of membrane being used. The inven- 
tion should be construed to encompass such variations as they will be readily apparent to those skilled in the art given 
the teaching in the specific examples described above. Successful insertion of a-galactosyl epitopes into membranes 
can be assessed in binding studies using anti-Gal. Furthermore, opsonization of antigens juxtaposed to such epitopes 
is assessed by measuring their rate of phagocytosis by macrophages following the methods described above. 
[0063] Additional membrane preparations may be obtained as follows. Cells are homogenized and the resulting 
lysate is clarified by centrifugation. Membrane preparations contained within the supernatant are pelleted, resuspended 
and incubated in the presence of GSLs as described above to effect insertion of GSLs therein. Successful insertion is 
assessed in the methods described above. 

[0064] Naturally occurring or synthetic membrane preparations which encapsulate an antigen to be opsonized may 
be prepared as follows A preparation of phospholipid such as phosphatidyl choline is mixed with GSLs at a molar ratio 
of approximately 40:1. A solution comprising the antigen to be encapsulated is added and the mixture is sonicated 
effecting formation of liposomes containing a-galactosyl epitopes inserted therein which liposomes encapsulate anti- 
gen (Galili et al., 1985, J. Exp. Med. 162:573). Similarly, antigens may be directly encapsulated in membranes which 
naturally contain a-galactosyl epitopes, for example, resealed cell membrane ghosts. 

[0065] Many viral vaccines do not elicit an effective protective immune response in all individuals receiving the vac- 
cine in that age, immunocompetence, etc., all play a role in the quality and magnitude of the response to a given vac- 
cine. Enhancement of an individual's response to a vaccine can be accomplished by opsonization of that vaccine in a 
manner similar to that described above for tumor cells. Essentially, viruses or subunits thereof comprising the vaccine, 
are manipulated such that a-galactosyl epitopes are presented on or juxtaposed to the antigens contained within them' 
which epitopes are then recognized by circulating anti-Gal upon administration of the vaccine to a patient. Vaccines so 
opsonized will be more efficiently internalized by macrophages and consequently will be more efficiently processed and 
presented to T helper cells in association with class II MHC molecules thereby eliciting a more effective immune 
response. Since anti-Gal IgA antibodies are also secreted in the respiratory and the gastrointestinal tracks, they may 
also be exploited to interfere with virus infection via these common portals of entry. 

[0066] Opsonization of viral antigens - Equine encephalitis virus. Expression of a-galactosyl epitopes on viral 
glycoproteins was assayed using eastern equine encephalitis (EEE) virus, a member of the Togavirus family (Alphavi- 
rus genus), as a prototype. The envelope of EEE virus comprises two virus-encoded proteins, E1 and E2, which by 
sequence analysis have been predicted to possess one and two potential N-linked glycosylate sites respectively 
(Chang and Trent, 1987, J. Gen. Virol. 68:2129). 

[0067] To determine whether a-galactosyl epitopes can be incorporated into the EEE virus envelope, the virus was 
grown either in mouse 3T3 fibroblasts (EEE 3T3 ), which fibroblasts express an abundance of a-galactosyl epitopes 
(Santer et al., 1989, Eur. J. Biochem. 181:249), or in cells derived from an Old World monkey, Vero cells (EEE Vero ) 
which lack a1 ,3GT and a-galactosyl epitopes (Galili et al , J. Biol. Chem. 263:1 7755 Joziasse et al., 1989. J. Biol. Chem 
264:14290). The presence or absence of a-galactosyl epitopes on E1 and E2 was assessed in a western blot assay 
using anti-Gal antibody and the lectin Bandeiraea simolicifolia IB4 (BS lectin) which, like anti-Gal, interacts specrfically 
with a-galactosyl epitopes (Wood et al., 1979, Arch. Biochem. Biophys. 198:1). The number of a-galactosyl epitopes 
per virus was calculated using the radioimmunoassay described above, and the effect of anti-Gal on the infectivity of 
EEE virus was evaluated in a plaque reduction neutralization assay. 

[0068] Addition of a-galactosyl epitopes to EEE virus. EEE virus, strain 215-85 was obtained from the Yale 
Arbovirus Research Unit, New Haven, CT This virus was originally isolated from a pool of Cs. melanuria mosquitoes 
and was passaged twice in Vero cells to obtain a stock preparation. Vero or mouse 3T3 fibroblasts were inoculated with 
virus at a multiplicity of 0.05-0. 1 plaque forming units (PFU) per cell. Cells were incubated in the presence of Eagle min- 
imal essential media (EMEM) supplemented with 5% heat-inactivated fetal bovine serum (FBS), 0.1 mM non-essential 
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amino acids, 1X anti-PPLO agent (ali from Gibco), penicillin (100 U/ml) and streptomycin (100 ng/ml). Following incu- 
bation at 36°C for 24 hours cell culture fluids were harvested and centrifuged at 4000 x g for 20 minutes to remove cell 
debris, and the virus was precipitated by the addition of polyethylene glycol 8000 (Sigma Chemical Co., St. Louis, MO, 
70 g/I) and NaCI (23 g/l) at 4°C for 14 hours. Precipitated virus was collected by centrifugation at 6000 x g for 30 min, 

5 the pellet was resuspended in a low salt buffer (LSB: 0.15 M NaCI, 0.01 M Tris-HCLpH 7.4), and virus was further puri- 
fied by rate zonal centrifugation through a 20-70% (w/v) sucrose gradient in LSB at 208,000 x g for 90 minutes at 4°C 
(Beckman SW 41 rotor). A band of virus formed in the tube which was collected, diluted 4-fold in LSB, and pelleted at 
208,000 g for 2 hours at 4°C through a 1 ml cushion of 20% (w/v) sucrose in LSB. The resulting virus pellet was resus- 
pended in TE buffer (20 mM Tris-HCI. pH 7.45 2.0 mM EDTA) and stored at - 80°C. 

w [0069] The presence of a-galactosyl epitopes on EEE virus envelope glycoproteins was assessed by immunostain- 
ing with purified arrti-Gal (Thall et al., 1990, Biochemistry 29:3959) and with BS lectin (Vector Laboratories, Burlingame, 
CA). Proteins derived from 50 ng of EEE virus propagated either in Vero cells or in 3T3 cells were separated by discon- 
tinuous sodium dodecyl sulfate polyacryi amide gel electrophoresis (SDS-PAGE) on mini-gels (Mini-PROTEAN II gel 
system, BioRad, Richmond, CA) at 200V for 30 minutes (Schmaljohn et al., 1983, J. Infect. Dis. 148:1005). Resolved 

15 proteins were transferred to a nitrocellulose support, blocked with 10% horse serum, and incubated with purified anti- 
Gal (10 pig/ml) or horseradish peroxidase (HRP)-conjugated BS lectin (20 ng/ml) for 2 hours at 24°C. Unreacted com- 
ponents were removed by washing and anti-Gal-reactive proteins were visualized by staining with HRP-conjugated rab- 
bit anti-human IgG (secondary antibody) and the substrate 3,3'-diaminobenzidine tetrahydrochloride (DAB) (Sigma). 
Detection of HRP-BS lectin-reactive proteins was performed by direct addition of the DAB substrate. 

20 [0070] The results of these experiments are as follows. In Figure 6 it is evident that EEE 3T3 -specrf ic E 1 and E2 glyc- 
oproteins contained a-galactosyl epitopes (lane 2). In addition, interaction between anti-Gal and a high molecular 
weight (HMW) protein composed primarily of E2 molecules, was observed. In contrast, no interaction was observed 
between anti-Gal and EEE Vero -specif ic E1 and E2 glycoproteins or the corresponding HMW protein (lane 1 ), indicating 
the absence of a-galactosyl epitopes on these proteins. Immunostaining with BS lectin revealed lectin binding to the E2 

25 and HMW proteins of EEE 3T3 virus (lane 4) but not to glycoproteins of the EEE Ver0 virus (lane 3). Binding of both anti- 
Gal and BS lectin to the capsid protein of EEE virus propagated in either cell type was nonspecific in that it could not 
be eliminated using a blocking solution. 

[0071] The number of ot-galactosyl epitopes per EEE virus particle was assessed in the radioimmunoassay 
described above. Immobilized a-galactosyl epitope comprised bovine thyroglobulin. Microtiter wells were precoated 

30 with thyroglobulin (50 ng/ml) in carbonate buffer (pH 9.5). Aliquots of biotinylated anti-Gal (1 ng/ml) mixed with various 
concentrations of EEE virus were incubated for 20 hours at 4°C. This mixture was added to the precoated wells and 
incubation was continued for 1 hour at 24°C. Under these conditions, glycoproteins in solution, or particles in suspen- 
sion, which lack a-galactosyl epitope do not inhibit binding of anti-Gal to immobilized a-galactosyl epitope whereas 
glycoproteins which contain the epitope bind to anti-Gal thereby preventing binding of the antibody to the immobilized 

35 epitope. The extent of binding of anti-Gal to immobilized epitope was assessed as follows. Reaction mixtures were 
removed from the wells, the wells were washed with PBS containing 0.05% Tween followed by the addition of 50 ^i! of 
125 l-streptavidin (10 5 cpm). The mixture was incubated for an additional 1 hour at 24°C after which the wells were again 
washed to remove unbound avidin. Next, 1 00 \i\ of 0.2 N HCI was added to the wells in order to detach 125 l streptavidin 
bound to anti-Gal. A standard curve was generated using bovine thyroglobulin since it is known that each molecule con- 

40 tains an average of eleven a-galactosyl epitopes (Spiro et al., 1984, J. Biol. Chem. 259:9858). Thus, the amount of radi- 
oactivity contained within each 1 00 ^1 test sample when determined served as a measure of the number of a-galactosyl 
epitopes per virion. The results of this experiment are presented in Figure 7. 

[0072] An inhibition of binding by EEE Ver o of 15% at a viral concentration of 2 mg/ml represents nonspecific inhibi- 
tion likely due to the high concentration of virus particles in the assay, since as noted above, EEE Vero does not contain 

45 a-galactosyl epitopes. EEE 3T3 exhibited 50% inhibition in the assay at a viral concentration of 1 mg/ml and 20% inhibi- 
tion at a concentration of 0.06 mg/ml. Control bovine thyroglobulin at a concentration of 0.07 mg/ml (corresponding to 
100 nmole/ml) exhibited a 50% inhibition in the assay. These data indicate that the EEE 3T3 virus contained approxi- 
mately 80 a-galactosyl epitopes per virus particle according to the following calculation: 50% inhibition by bovine thy- 
roglobulin represents a neutralizing effect of 6.6 x 10 14 a-galactosyl epitopes present on 100 nmole of thyroglobulin (1 

so nmole thyroglobulin = 6 x 1 0 1 1 molecules and each molecule contains 1 1 a-galactosyl epitopes). An inhibition of 50% 
was observed in the case of EEE 3T3 , therefore the same number of epitopes were present in 1 mg/ml of EEE 3T3 virus 
particles as in 0.07 mg/ml of thryoglobulin. The average molecular weight of each of E1 and E2 is approximately 50,000 
(E1 : 53,000; E2: 42,000-43.500) and it is estimated that these glycoproteins comprise 50% of the weight of the virus 
(Koblet, 1990, Adv. Virus Res. 38:343). Thus, 50% inhibition by EEE 3T3 corresponds to 0.5 mg of EEE 3T3 glycoproteins, 

55 which in turn corresponds to 10 nmole, or approximately 4 x 10 15 glycoprotein molecules. This number of molecules 
contained a total of 6.6 x 10 14 a-galactosyl epitopes indicating that one out of six EEE 3T3 glycoprotein molecules con- 
tain an a-galactosyl epitope bound thereon. Since each EEE virion is estimated to contain approximately 480 El and 
E2 molecules (Fuller, 1987, Cell 48:923), the number of a-galactosyl epitopes was calculated to be approximately 80 
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per EEE 3T3 virus particle. 

[0073] A plaque reduction neutralization test (PRNT) was used to assess the neutralizing activity of anti-Gal on 
purified preparations of EEE virus propagated in 3T3 and in Vero cells. Serial two-fold dilutions of anti-Gal antibody, 
ranging from 1:2 5 to 1:80 (representing 40 ug/ml to 1.25 \iQ/m\ antibody, respectively), were prepared in serum-free 
5 EMEM. An aliquot of each dilution was added to an equal volume of virus (at a-concentration of 100-150 PFU/0.1 ml), 
and the virus-antibody mixtures (0.5 ml total volume) were incubated at 37 C C for 30 min, followed by 18 hours at 4°C. 
The amount of infectious virus remaining in the mixture was measured by plaque assay on Vero cell monolayers in the 
presence of anti-Gal antibody at a concentration of 2.5 to 40 ug/ml. Plaque assays were performed following standard 
protocols. 

10 [0074] In three separate experiments, anti-Gal had no effect on plaque formation by EEE Vero . In contrast, incuba- 
tion of EEE 3T3 , with as little as 40 ug/ml anti-Gal resulted in a 20-50% decrease in plaque formation (Figure 8A). In 
addition, plaques so formed were significantly smaller (0.5 to 1 mm average diameter) than those in control non-anti- 
body treated cultures (2 mm average diameter) (Figure 8B). The relative size of the plaques increased with decreased 
antibody concentration. Neutralization of EEE 3T3 was evident at anti-Gal concentrations as low as 10jig/ml (Figure 8B). 

r5 [0075] Opsonization off Viral Antigen - Influenza Virus. The following study demonstrates the presence of a- 
galactose epitopes on influenza virus, and the ability of anti-Gal to enhance viral antigen processing and presentation 
when virions express a-galactosyl epitopes. 

[0076] Introduction. Since the hemagglutinin molecule of influenza virus has several glycosylation sites in the 
external region of the molecule (Winter et al., 1982, Nature 290:72; Ward et al., 1980, Virology 103:37), which sites 

20 comprise complex carbohydrate chains containing n-acetyllactosamine, it is expected that some of these sites will be 
"capped" with terminal a-galactosyl to form a-galactosyl epitopes in Madin Darby Bovine Kidney (MDBK) cells or Madin 
Darby Canine Kidney (MDCK) cells, since born contain a1 ,3GT. Influenza virus is propagated in a manner similar to that 
described above for EEE virus, except that trypsin at a concentration of approximately 1 ug/ml is added to the culture 
medium (Parvin et al., 1986. J. Virol. 59:377; Brand et al.. 1980, Virology 107:424). 

25 [0077] Anti-Gal was used to enhance the |n vitro antigen processing and presentation of the hemagglutinin (HA) 
molecule of the l-^N-, inactivated influenza virus A/Puerto Rico/8/34 (termed PR8 virus), when virions express a-galac- 
tosyl epitopes. The HA molelcule of the influenza virus has seven asparagine (N)-linked carbohydrate chains (Kiel et 
al., 1985, Embo J. 4:2711), which can serve as core structures for the synthesis of a-galactosyl epitopes. Virions 
expressing this carbohydrate epitope were obtained by propagation of the virus in bovine and canine cells which have 

30 a1 ,3GT PR8 virus propagated in embryonated eggs lacks a-galactosyl epitopes since fowl do not have a1 ,3GT (Galili 
et al., 1988, J. Biol. Chem. 263:17755). The extent of antigen processing in BALB/c mouse spleen APC was assessed 
by measuring the stimulation for proliferation of syngeneic monoclonal T H cells specific for peptide epitopes on the HA 
molecule (Gerhard et al., 1983, J. Immunol. 130:2379; Gerhard et al.. 1991, J. Virol. 65:364). 

[0078] Virus Preparation and Inactivation. Influenza virus strain A/PR/8/34(H 1 N 1 )(PR8 virus) was propagated in 

35 the allantoic cavity of 1 1 -day-old embryonated eggs (termed PR8 egg virus), or on monolayers of Madin Darby Bovine 
Kidney (MDBK) cells (PR8 MDBK virus), or Madin Darby Canine Kidney (MDCK) cells (PR8 MDC k virus). Following inoc- 
ulation of cell monolayers, virus was grown at 36°C in serum-free Dulbecco's MEM (Mediatech, Washington, DC) sup- 
plemented with 1pig of TPCK trypsin (Sigma) per ml (Parvin et al., 1986, J. Virol., 59:377). The virus was precipitated 
from allantoic fluids and cell supernatants by polyethyieneglycol and purified on a continuous sucrose gradient as pre- 

40 viously described {Strizki et al., 1994, J. Gen. Virol. 75:2897). Protein concentration was measured by color reaction 
using the Pierce BCA Protein Assay (Pierce. Rockford. IL). Virus titer in each preparation was measured by both 
hemagglutination assay (with chicken red cells), and expressed as HA units (HAU) per ml, and by plaque assay as pre- 
viously described (Repik et al., 1983, Am. J. Trop. Med. Hyg. 32:577) on MDCK cell monolayers, overlaid with serum- 
free Dulbecco's MEM containing 0.4% agarose and 1jig/ml TPCK trypsin. 

45 [0079] Demonstration off a-Galactosyl Epitopes on PR8 Virus. The presence of a-galactosyl epitopes on virus 
was determined with BS lectin, which interacts specifically with a-galactosyl epitopes (Wood et al., 1979, Arch. Bio- 
chem. Biophys. 198:1), and with anti-Gal, in ELISA and in western blots. For ELISA, purified virus in carbonate buffer 
pH 9.5 was dried in 96-well plates (1 \xg virus per well). After blocking with 1% BSA in PBS, biotinylated BS lectin or 
biotinylated anti-Gal were added to each well in serial two-fokj dilutions, starting at concentrations of 20 ng/ml and 2.5 

so jig/ml respectively. After 1 hour incubation at room temperature, the plates were washed with PBS containing 0.05% 
Tween 20, incubated for 1 hour with 0.1 ml avidin-HRP diluted 1:1000, washed, and color produced by incubation with 
0.1 ml of 1 mg/ml O-phenylenediamine in phosphate buffer, pH 5. The reaction was stopped after 30 minutes with 50 
Hi of 0.1 M sulfuric acid, and absorbance was measured at 492 nm in a TITERTECK™ ELISA plate reader. 
[0080] As shown in Figure 12A, no lectin binding was observed with the PR8 egg virus; however, BS lectin readily 

55 bound to the PR8 MDCK virus and to a higher extent to the PR8 MDBK virus. This is in accord with previous findings that 
canine and bovine cells synthesize a-galactosyl epitopes whereas chicken, as other fowl, lack this epitope (Galili et al., 
1988, J. Biol. Chem. 263:17755). Similarly, and as expected, anti-Gal also readily bound to the PR8 MDCK virus and to 
an even greater extent to the PR8 MDB k virus (Figure 12B), but not to PR8 eg g virus. It should be stressed that for this 
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assay, anti-Gal was first treated with 0.05 U/ml of neuraminidase to remove sialic acid from the antibody's carbohydrate 
chains. This desialylation step was necessary in order to prevent nonspecific binding of the antibody to the virus via the 
interaction of the HA with sialic acid residues on the carbohydrate chains present on the Fc part of the antibody mole- 
cules. 

5 [0081] Western Blot Analysis. The differential binding of anti-Gal to virus propagated in the different cells could 
be further demonstrated by Western blot analyses. Virus proteins derived from 1 0 ug of purified virus preparations were 
separated by SDS-PAGE with a 13% polyacrylamide resolving gel and 3.6% polyacrylamide stacking gel (Mini-PRO- 
TEAN™ II gei system) at 200 V for 20 minutes. Following transfer of the proteins to IMMOBILON-P™ membranes (Mil- 
lipore), the blots were blocked overnight with 1% horse serum and immunostained with biotinylated anti-Gal (10 ng/ml), 

10 followed by incubation with the VECTASTAIN ABC-HRP reagent (Vector Laboratories, Burlingame, CA.) and diamino 
benzidine substrate. 

[0082] As shown in Figure 13, anti-Gal intensively stained a 53 Kda band of the PR8 MDBK virus (lane 1). This band 
corresponds to the HA^ fragment of the HA molecule, which contains five glycosylation sites (Kiel et al., 1985, Embo J. 
4:2711 ; Air et al., 1990, "Influenza Viruses" in Immunochemistrv of Viruses. Elsevier Science Publications, eds. M.H.V. 

15 van Regemorted and A.R Neurath, p. 171). Note that the carbohydrate chains of the PR8 MDBK virus are larger than 
those on the PR8eg g virus since the former contains four antennae per chain whereas the latter contain two antennae 
per chain (Kiel et al., 1985, Embo J. 4:2711; Deom etal.. 1985, J. Biol. Chem. 260:14771). Therefore, the size of HA 1 
in PR8 MDBK virus is larger by several Kda than that in the PR8 egg HA 1 (Air et al., 1990; Deom etal., 1985; Schulze IT., 
1970, Virology 41:890). The HA 2 fragment (28 Kda), which contains two glycosylation sites (Kiel et al.. 1985; Air et al., 

20 1990) is stained to a lesser degree by anti-Gal. Inactivation of the PR8 MDBK virus with formalin did not affect the expres- 
sion and reactivity of the a-galactosyl epitopes (lane 2). Strong immunostaining of HA 1 was also observed with the 
PR8 MDCK virus (lane 3). although the staining was somewhat less intense than that observed with thePR8 MDBK virus. 
The lower amount of a-galactosyl epitopes present on PR8 MDCK virus, compared to PR8 MDBK virus, may possibly be 
due to a lower activity of the cellular a1 ,3GT No significant immunostaining was observed with HA subunits of the 

25 PR8 egg virus (lane 4), in agreement with the finding that chicken cells lack a1 ,3GT (Galili et al., 1988, J. Biol. Chem. 
263:17755). 

[0083] HA Antigen Processing Assay. Processing of inactivated PR8 virus HA molecules from virus propagated 
in embryonated eggs, MDBK, or MDCK cells was determined following incubation of the viruses with anti-Gal and com- 
parison with the processing of HA molecules from viruses which were not incubated with this antibody. The assay is 
30 based on measuring [ 3 H] thymidine incorporation in HA specific T H clones. The T H clones have been described in detail 
(Gerhard et al., 1991 , J. Virol. 65:364). Briefly the HA specific T H clones were generated from BALB/c mice immunized 
with the PR8 virus. These T H clones were found to express T cell receptors for defined oligopeptide regions on the influ- 
enza virus HA molelcule. 

[0084] The APC used in the assay were irradiated (2200r) splenocytes from naive BALB/c mice. Each microtiter 

35 well contained serial dilutions of 50 jjlI of formalin inactivated PR8 virus propagated in various cells. All virus prepara- 
tions (except if specifically stated) were inactivated in formalin and the initial concentration of the virus corresponded to 
one HAU of the virus preparation before inactivation. The PR8 virus preparations were either incubated with anti-Gal 
(100 fig/ml) or in PBS prior to the assay. To each well were added 100 \i\ aliquots of APC (4x10 6 irradiated spleno- 
cytes/ml) and 50 jjlI of the various T H clones (3x1 0 5 lymphocytes/ml) with specific receptors to HA peptides (Gerhard et 

40 al., 1991 , J. Virol. 65:364). After 48 hours incubation at 37°C in a 5% CG 2 humidified atmosphere, 1 p-Ci of [ 3 H] thymi- 
dine was added to each well. The cells were incubated for additional 16 hours at 37 & C, harvested onto filters and [ 3 H] 
thymidine incorporation measured in a liquid scintillation analyser (Packard). Assays were formed in triplicate and the 
data are expressed as the mean cpm for each virus dilution. The data with one representative clone of five T H clones 
are shown in Figs. 14A, 14B, 14C. 

45 [0085] Preincubation with anti-Gal did not alter the thymidine incorporation in the cultures containing the PR8 9gg 
virus as this virus lacks a-galactosyl epitopes (Figure 1 4A). In contrast, anti-Gal opsonized PR8 MDBK virus was approx- 
imately ten-fold more potent in stimulating T H clones than nonopsonized PR8 MDBK virus, i.e., the non-opsonized sam- 
ple required ten times more viral antigen than the opsonized sample for an equivalent T H response (Fig. 14B). The 
proliferation of T H cells observed with the PR8 MDCK virus was lower than that with the PR8 MDBK virus or the PR8 egg 

so virus (Fig. 14C), probably because of differences in the viral preparations. However, also in this preparation, opsoniza- 
tion with anti-Gal increased by ten-fold the stimulatory potency of the virus preparation. Similar findings were made with 
four additional T H clones studied. 

[0086] Opsonization of antigens other than TAAs, and EEE and influenza antigens. As noted above, the 
invention is not limited to opsonization of tumor cells, EEE virus and influenza virus. It is evident from the data presented 
55 above that the amount of anti-Gal which binds to a-galactosyl epitopes is directly related to the number of a-galactosyl 
epitopes per antigen. For example, there is shown above a direct relationship between the amount of anti-Gal bound to 
EEE and the number of a-galactosyl epitopes present on the virus. There is also shown above a direct relationship 
between the amount of anti-Gal bound to red blood cells and their phagocytosis by macrophages. 
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[0087] The majority of viruses which have glycoproteins as a component of the virion contain N-acetyl-lactosamine 
as the terminal structure which is capped with sialic acid (SA) generating the structures: SAo2-3Gaipi-4GlcNAc-R or 
SAa2-6Gaipi-4GlcNAc-R (Robbins et al.. 1977, Cell 12:893; Burke et al., 1976, J. Virol 20:676). In vitro synthesis of 
a-galactosyl epitopes on virion envelopes such as these is therefore a two step reaction in which the terminal sialic acid 
5 is first removed using neuraminidase (I) followed by covalent attachment of a-galactosyl moieties to the N-acetyllactos- 
amine residues using a1 ,3GT (II). 

I. 

10 SA-Gaipi-4G1cNAC-R neuram!nidase Galp1-4GlcNAc-R+SA N-acetyllactosamine residues 

II. 

Gaipi-4GlcNAc-R +UDP-Gal a13GT . Galal -3Gaipi -4GlcNAc-R+UDP a-galactosyl epitope 

15 

[0088] Since influenza virus lacks sialic acid (Kiel et al., 1985, EM BO J. 4:271 1), N-acetyllactosamine residues on 
this virus are available as receptors for a-galactosyl epitopes without the need for step I above. 
[0089] Cloning and characterization of marmoset at ,3GT. To obtain a convenient source of the enzyme al ,3GT 
from primates for catalysis of the addition of a-galactosyl epitopes to carbohydrates, the marmoset gene encoding 
20 al ,3GT was cloned and expressed. This enzyme has previously been cloned from both murine and bovine cDNA librar- 
ies (Larsen et al., 1989, Proc. Natl.Acad. Set. USA 86:8227; Joziasse et al., 1989, J. Biol. Chem. 264:14290; Joziasse 
et al , 1992, J. Biol. Chem. 267:5534). 

[0090] The source of the materials used in the experiments described below are as follows: Radioactive nucle- 
otides were obtained from New England Nuclear (Boston, MA). Restriction enzymes, the Klenow fragment of DNA 
25 polymerase, T4 DNA ligase and lipofectin were purchased from Bethesda Research Laboratory (Gaithersburg, MD). 
IgG agarose, N-acetyllactosamine, lactose and galactose were from Sigma Chemicals (St Louis, MO). Vent™ polymer- 
ase for polymerase chain reaction was purchased from Promega (Madison, Wl). 

[0091 ] A marmoset cDNA library was constructed using mRNA extracted from the marmoset (New World monkey) 
cell line B95.8 (Joziasse et al., 1989, J. Biol. Chem. 264:14290). Poly A + RNA of ^ 1kb was obtained and the corre- 
30 sponding cDNA was synthesized and ligated into the plasmid pcDNAI (Invitrogen, San Diego, CA) using BstXI linkers. 
This plasmid. derived from pCDM8, is an expression vector comprising the SV40 origin of replication (Seed et al., 1 987, 
Proc. Natl. Acad. Sci. USA 84:3365). The resulting marmoset cDNA library was screened for the presence of a1 ,3GT 
sequences using murine a1 ,3GT cDNA {Larsen et al., 1989, Proc. Natl. Acad. Sci. USA 86:8227) using screening pro- 
cedures common in the art (Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual. Cold Spring Harbor, NY). 
35 Ten positive clones were characterized by sequence analysis (Sanger et al., 1977, Proc. Natl. Acad. Sci. USA 74:5463) 
only one of which contained the full length open reading frame encoding the enzyme (Figure 9). 
[0092] The predicted characteristics of the cloned marmoset a1 ,3GT enzyme can be summarized as follows. The 
enzyme has 376 amino acid residues and is homologous to exons IV through IX of the murine a1 ,3GT gene (Joziasse 
et al., 1992, J. Biol. Chem. 267:5534). Consistent with the general topology of glycosy (transferases (Paulson et al., 
40 1989, J. Biol. Chem. 264:17615; Joziasse, 1992, Glycobiology 2:217) there are 6 amino acids in the cytoplasmic 
domain, 16 amino acids in the transmembrane domain and 354 amino acids in the luminal domain. There is an 18% 
difference between nucleotide sequence of marmoset and murine a1,3GT (Larsen et al., 1989, Proc. Natl. Acad. Sci. 
USA 86: 8227; Joziasse, 1992, J. Biol. Chem. 267:5534). Marmoset a1,3GT cDNA also contains 15 bases (corre- 
sponding to amino acids 85 to 89) not present in the full length murine sequence. A comparison of the deduced amino 
45 acid sequence of murine and marmoset a1,3GT in sections of twenty amino acids each, demonstrates location- 
dependent variation in amino acid composition (Figure 10). The regions with the fewest amino acid differences (£ 15%) 
are between amino acids 204 and 240, and 321 and 376. Other regions, such as those between amino acids 101 and 
200 and between 261 and 320 have amino acid compositions which vary by 20 to 50% and thus may not be required 
for catalytic activity. The transmembrane region, also displays a high level of similarity to the mouse sequence suggest- 
50 ing conservation of Golgi retention signals (Masilbay et al., 1993, J. Biol. Chem. 268:9908) 

[0093] COS-1 cells are Old World monkey cells and therefore do not express «1 ,3GT mRNA (Joziasse et al.. 1 989, 
J. Biol. Chem. 264:14290). Because these cells encode the SV40 T-antigen they are suitable hosts for the expression 
of a1 ,3GT residing on an SV40-origin containing plasmid. Monolayers of COS-1 cells in 60 mm dishes were transfected 
with 10 ^g of purified plasmid using lipofectin (BRL) and procedures provided by the manufacturer. Cells were incu- 
55 bated in 3 ml serum free Dulbecco Minimal Essential Medium (DMEM) for 18 hours prior to being supplemented with 
an equal volume of DMEM containing 20% FCS. Incubation was continued for 3 days at 37°C, after which the medium 
was harvested, clarified by centrifugation and a 10 \x\ aliquot of IgG Sepharose beads (Sigma), Tris-HCI (pH 8.0) and 
Tween-20 (at final concentrations of 5 mM and 0.05%, respectively) were added. The mixture was incubated overnight 
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at 4°C, whereupon the beads with attached enzyme were collected by centrifugation. 

[0094] The activity of the enzyme was determined essentially as described by Larsen et al. (1 989, Proc. Natl. Acad. 
Sci. USA 86:8227). Five \i\ of washed beads equilibrated in 100 mM Trts (pH 8.0) was added in an equal volume of 
PBS/1%BSA to a reaction mixture containing 50 mM 2-[N-Morphofino]ethanesutfonic acid buffer, pH 6.0, 25 mM MnCI 2 . 
5 0.2% Triton X-100, 0 2^Ci 3 H-UDP-Gal (New England Nuclear - specific activity 18.9 Ci/mmol), and 10fig of N-acetyl- 
lactosamine in a final volume of 50^1 The mixture was incubated at 37°C for 2 hours. Transfer of 3 H-galactose from 3 H- 
UDP-Ga! to N-acetyllactosamine was determined following ion exchange chromatography (Larsen et al., 1989, Proc. 
Natl. Acad. Sci. USA 86:8227). 

[0095] Approximately 40% of the total amount of 3 H-galactose was transferred to N-acetyllactosamine by the 
to recombinant marmoset enzyme within 2 hours of incubation corresponding to an activity of 0.04 pmole/min. Lactose 
was 50% less effective than N-acetyllactosamine as an acceptor and galactose was a poor acceptor (Figure 1 1 ). Thus, 
marmoset a1,3GT displays an acceptor specificity similar to that observed for the murine (Elices et al., 1986, J. Biol. 
Chem. 261:6064) and bovine (Blanken et al.. 1985, J. Biol. Chem. 260:12927) enzymes. 

[0096] Preparations of recombinant a1,3GT enzyme are obtained from transfected COS cells at approximately 
15 three days post-transfection. The supernatant obtained from transfected cells is incubated overnight in the presence of 
IgG-linked sepharose beads under constant rotation at 4°C. The enzyme is eluted from the beads with glycin-HCI buffer 
at approximately pH 2.6 which is then immediately neutralized with 0.1N NaOK Alternatively, the enzyme is obtained 
from transfected cell super natants by incubation at 4°C overnight in the presence of hexanolamine-linked sepharose 
beads and 5 mM MnCI 2 . In this case, enzyme is eluted from the beads by addition of 10 mM UDP-Gal which interacts 
20 with the enzyme and thus promotes release of the enzyme from the beads (Elices et al., 1 986, J. Biol. Chem. 261 :6064; 
Blanken et al., 1985, J. Biol. Chem. 260:12927). UDP-Gal is removed from the mixture by dialysis. The activity of the 
eluted enzyme is assessed by measuring transfer of 3 H-Gal from UDP-Gal to N-acetyllactosamine. 
[0097] As an alternative to expression in COS cells, recombinant a1 ,3GT may be expressed in bacteria using com- 
mercially available vectors. 

25 [0098] To effect addition of a-galactosyl epitopes to virions, virus purified to the extent necessary is incubated in the 
presence or absence of neuraminidase (depending upon the type of virus being used), and in the presence of al ,3GT 
and UDP-Gal (0.1 to 20 mM). Virus is then isolated by centrifugation and suspended in a pharmaceutically acceptable 
vaccination carrier. To determine the efficiency of the reaction for each type of virus, radioactive UDP-Gal can be used 
as a tracer. Virions so treated are next assessed for their ability to bind anti-Gal and their rate of phagocytosis is then 

30 determined in the assays described above. 

[0099] The following studies illustrate the enzymatic synthesis of a-galactosyf epitopes on viruses and human cells. 

Expression of recombinant a1 ,3GT in bacteria. 

35 [0100] Tiie XPRESS SYSTEM™ of Invitrogen Corporation (San Diego, CA) was used according to the manufac- 
turer's instructions to express recombinant (rec) cc1,3GT in bacteria. The luminal portion of marmoset cc1,3GT cDNA, 
cloned from a cDNA library (Henion et al., 1994, Glycobiology 4:193), was amplified by PCR (amino-acids 61-376 and 
the stop codon) and inserted into the pRSET vector (Invitrogen). This vector contains, upstream of the insert, a series 
of six histidine residues (His) 6 , that enable the isolation of the fusion protein produced on a nickel column (Probond 

40 resin, Invitrogen). Bacteria (B coJi JM109) were transformed with the pRSET vector containing the a1 ,3GT insert, and 
colonies containing the insert were cloned based on growth in amphiciline and demonstration of the insert within the 
cloned plasmid. The bacteria were grown in 0.5 liter volumes and subjected to IPTG and M13/T7 phage infection for 
induction of al ,3GT synthesis, collected as pellets by centrifugation, lysed with lysozyme in 100 ml volume of PBS pH 
6.3. sonicated and the supernatant passed through a nickel column (0.5 ml resin) according to XPRESS SYSTEM™ 

45 manuals of Invitrogen version 2.0 (Protein expression) and 1 .9 (Protein purification). The enzyme was eluted from the 
column with 3 ml of 0.3M imidazole in saline and subjected to catalytic activity assay as described herein in the section 
entitled "Cloning and Characterization of marmoset 1,3GT". Ten jxl rec. al ,3GT were brought to a final volume of 
50u.l in 0.1M MES buffer containing 25mM MnCl 2 , lOjjig N-acetyllactosamine and 0.2nCi UDP-[ 3 H]Gal (2x10 5 cpm). ITie 
enzyme catalyses the reaction: 

50 

Gatp-4GlNAc N-acetyllactosamine + UDP-[ 3 H]Gal Uridine diphosphate-galactose (l1 3GT - [ 3 H]Gala1 -3Gaipi +4GlcNAc 
free a-galactosyl epitope + UDP Uridine diphosphate 

[0101] The enzyme reaction was loaded on a DOWEX™ column which binds UDP-Gal but not the free a-galactosyl 
55 epitope. After passing 2 ml of water through the column, the radioactivity in the effluent was measured. In the absence 
of enzyme, only 300 cpm passed through the column, whereas in presence of the enzyme, 79.000 cpm were measured 
in the effluent. Based on a specific activity of 0.05 mCi/(imol of [ 3 H] Gal, this radjoactivity represents 0.03 nmol of the 
synthesized free a-galactosyl epitope. 
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Synthesis of a-galactosyl epitopes on influenza virus. 

[0102] The following demonstrates the de novo synthesis of a-galactosyl epitopes on viruses, using influenza virus 
as a model. Influenza virus has 5 to 7 N-acetyllactosamine residues per hemagglutinin molecule (HA) (Kiel et al., 1985, 

s Embo J. 4:2711; Deom et al., 1985, J. Biol. Chem. 260:14771). The influenza virus strain A/PR8/34 was grown in 
embryonated eggs, isolated from allantoic fluid and brought to a concentration of 1 mg/ml. By performing an enzyme 
assay with 10\xq of virus in 50\x\ volumes of enzyme reaction, as described above, it is possible to measure the transfer 
of [ 3 H]GaJ from UDP-[ 3 H]Gal to N-acetyllactosamine on the virions for the formation of a-galactosyl epitopes. After 2 
hours incubation at 37°C, the virus was precipitated with cold 5% trichloroacetic acid, harvested on filters and monitored 

10 for radioactivity in a scintillation counter. The results are shown in Fig. 15. Based on the specific activity of [ 3 H]Gal and 
the amount of 10 9 virions in 10 ng virus, the obtained radioactivity of 68,000 cpm (Fig. 15) is equivalent to the de novo 
synthesis of 1100 a-galactosyl epitopes per virion. As shown in Fig. 15, control preparations containing no enzyme or 
no virus contained minimal background radiation. 

[0103] In order to demonstrate the binding of the anti-Gal to these de novo synthesized a-galactosyi epitopes, 

15 100fig of the influenza virus were subjected to a1 ,3GT activity in a total volume of 1 ml containing 100 pJ of rec. a1 t 3GT 
and 1 mM of non-radiolabeled UDP-Gal. A similar enzyme reaction lacking UDP-Gal was used as control. Another con- 
trol was the original virus not exposed to a1 ,3GT. After a 4 hour incubation at 37°C, the suspension containing the virus 
and a1 t 3GT were dialyzed overnight against 2 liters of saline in order to remove the nonutilized UDP-Gal and imidazole. 
Subsequently, the virus was dried in microtiter wells (1 (ig virus per well), the wells blocked with 1% bovine serum albu- 

20 min (BSA) in PBS for 2 hours at 37°C, and studied for anti-Gal binding according to the assay described above in the 
section-entitled "Demonstration of a-Galactosyl Epitopes on PR8 Virus". Biotinyiated anti-Gal was administered at 
various concentrations into the wells and incubated for 2 hours at 24°C. Subsequently, the plates were washed with 
PBS - 0.05% Tween and peroxidase-conjugated avidin was added to the wells. The plates were incubated for 1 hour at 
24°C, washed, and color reaction developed with O-phenylene-diamine. The peroxidase reaction was stopped after 30 

25 minutes with 1M sulfuric acid and absorbance measured at 492 nm in an ELISA reader. Biotinyiated anti-Gal was pre- 
heated with neuraminidase to remove sialic acid from the antibody carbohydrate chains, in order to prevent nonspecific 
binding of the antibody to the hemagglutinin molecule on the virus via the terminal sialic acid on the carbohydrate chain. 
[0104] As shown in Fig. 16A, anti-Gal readily bound to the virus subjected to a-galactosyl epitopes synthesis (-•-). 
However, only marginal nonspecific binding was observed with the virus from the enzyme reaction lacking the substrate 

30 UDP-Gal (-□-), and with the untreated virus (a). In parallel studies, the binding of the lectin Bandeiraea simplicifolia IB 4 
(BS lectin) to the various virus preparations was studied. This lectin, like anti-Gal, interacts specifically with a-galactosyl 
epitopes (Wood et al, 1979, Arch. Biochem. Biophys. 198:1). It was observed (Fig. 16B) that the biotinyiated BS lectin 
readily bound to the virus with a-galactosyl epitopes (---) but not to the original virus (-A-) or to the control virus in the 
enzyme reaction which lacked UDP-Gal (-D-). These findings further support the observation of a-galactosyl epitope 

35 synthesis on influenza virus subjected to a1 ,3GT activity. Overall, these findings indicate that the rec al ,3GT produced 
in bacteria can synthesize as many as 1 1 00 a-galactosyl epitopes per virion of influenza virus, and that these epitopes 
can readily interact with anti-Gal. 

Synthesis of a-galactosyl epitopes on human red cells. 

40 

[0105] As a first step for the synthesis of a-galactosyl epitopes on human tumor cells by rec. a1 ,3GT, the synthesis 
of these epitopes was studied with human red cells of Wood type O. Unlike influenza virus, where N-acetyllactosamine 
is the terminal structure on the carbohydrate chains of the envelope glycoproteins (i.e., Gaipi-4GlcNAc-R), in humans 
many of N-acetyllactosamine residues are capped, mostly by sialic acid (SA) in the form of SA-Gaipi-4GfcNAc-R. 
45 Thus, in order to expose the N-acetyllactosamine residues, the red cells (10% vol/vol in saline with imN CaCy were 
first subjected to neuraminidase activity ( Vibrio cholera neuraminidase [VCN], Sigma, final concentration 0.02 units/ml) 
for 1 hour at 37°C, so that the sialic acid was removed in the reaction: 

SA-Gaipi-4GlcNAc-R — Galpt-4GlcNAc-R + SA N-acetyllactosamine 

50 

[0106] Subsequently, the intact red cells (10|il/of 10% vol/vol) were subjected to the a1,3GT reaction in a 50u.l vol- 
ume, containing 10^1 a1,3GT, VCN-treated red cells (10jil) or untreated red cells (10(a)). As shown in Fig. 17, approxi- 
mately 14,000 cpm of [ 3 H]Gat were linked by rec. a1,3GT to VCN-treated red cells (Fig. 17, "RED CELLS (VCN)", 
whereas only three fold less were linked to the nontreated red cells (Fig. 17, "RED CELLS"). This indicates that VCN 
55 indeed exposed many N-acetyllactosamine residues that are penultimate to the sialic acid, and that a1 ,3GT linked ter- 
minal a-galactosyl units to these residues. Based on the specific activity of [ 3 H]Gal and the number of red cells per reac- 
tion (1 0 7 cells) it is estimated that al ,3GT synthesizes approximately 2.5x10 4 a-galactosyl epitopes per red cell. 
[0107] These de novo synthesized a-galactosyl epitopes on the red cells can readily interact with anti-Gal and with 
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BS lectin. This was demonstrateded by the synthesis of a-galactosyi epitopes on the VCN-treated red cells in a 1 ml 
enzyme reaction containing 100^1 of rec. a1,3GT, I00|ai VCN-treated red cells and 1rnM cold (i.e., nonradioactive) 
UDP-Gal After 2 hours incubation at 37°C, the red cells were washed and studied for binding biotinylated anti-Gal 
(Sug/ml) or biotinylated BS lectin (20jig/ml), followed by 125 i-avidin. As shown in Fig. 18, 1x10 7 VCN-treated red cells, 
subjected to a-galactosyl epitope synthesis, readily bound anti-Gal ("ANTI-GAL") and BS lectin ("BS LECTIN"), 
whereas the same red cells which lacked a-galactosyl epitopes, i.e., were not incubated with rec. al ,3GT, ("ANTI-GAL 
CONTROL"; "BS-LECTIN CONTROL") displayed only marginal binding of the antibody or the lectin. 
[0108] For further demonstration of anti-Gal binding to a-galactosyl epitopes synthesized on the VCN-treated red 
cells, the red cells were lysed and their membranes dried in microttter wells (approximately 3x1 0 5 red cells per well), 
then fixed to the plates with 0.2% glutaraldehyde. The plates were then blocked with 0.1M glycine followed by 1% BSA 
in PBS and subjected to an ELISA assay with biotinylated anti-Gal and BS lectin followed by avidin-peroxidase. As 
shown in Fig. 19A, anti-Gal readily bound to the VCN-treated red cells which had de novo synthesized a-galactosyl 
epitopes (-.-), whereas only background binding was observed in the control VCN- treated red cells (-o). Similar differ- 
ential binding was observed with BS lectin (Fig. 19B), which bound to the red cells with a-galactosyl epitopes (-.-), but 
not to the control red cells (-□-). 

[0109] These data indicate that subsequent to the removal of sialic acid from red cells by neuraminidate, rec. 
al ,3GT can synthesize a-galactosyl epitopes on the exposed N-acetyllactosamine residues. Since similar carbohy- 
drate chains are present on human tumor cells, the same procedure (i.e., VCN followed by al ,3GT) may be applied to 
freshly isolated tumor cells or tumor cell membrane, to synthesize a-galactosyl epitopes. Upon immunization, these 
epitopes will bind anti-Gal and thus become opsonized for effective uptake, processing, and presentation of the tumor 
associated antigens by antigen presenting cells. 

[0110] Because of the unique reciprocal distribution of anti-Gal in animals, the augmenting effect of a-galactosyl 
epitopes on tumor immunogenicity cannot be examined in the usual experimental animal models since non-primate 
mammals produce autologous a-galactosyl epitopes and thus lack anti-Gal antibodies Old World monkeys are also 
unsuitable for such immunization studies because of the need to test syngeneic tumors. Thus, the only potential exper- 
imental animal model is mice in which the gene for a1 ,3 gal actosy transferase can be inactivated (Galili, 1 992, Immunol. 
Today 14:480). However, it is not yet clear whether mice lacking a-galactosyl epitopes are viable, rt should be stressed 
that the proposed immunization studies involve irradiated autologous cells, killed viral vaccines, and other non-replicat- 
ing antigens. Since it is known that humans are routinely exposed to GSL molecules through nutrition there are no 
apparent risks in vaccination of patients with either their own autologous irradiated malignant cells or with viruses pre- 
treated to express a-galactosy! epitopes. 

[0111] While this invention has been disclosed with reference to specific embodiments, it is apparent that other 
embodiments and variations of this invention may be devised by others skilled in the art without departing from the 
scope of the invention. The appended claims are intended to be construed to include all such embodiments and equiv- 
alent variations. 

Claims 

1. A complex comprising an a-galactosyi epitope, a selected antigen and a lipid bilayer for use in medicine. 

2. A complex according to claim 1 for inducing an immune response to the selected antigen in an anti-Gal synthesiz- 
ing animal. 

3. A complex according to claim 1 for opsonizing the selected antigen in an anti-Gal synthesizing animal. 

4. A complex according to any preceding claim, wherein said a-galactosyl epitope is contained within said lipid bilayer. 

5. A complex according to any preceding claim, wherein the selected antigen is encapsulated in said lipid bilayer. 

6. A complex according to any preceding claim wherein said antigen is a component of an infectious agent selected 
from the group consisting of a virus, a bacterium, a parasite and a fungus. 

7. A complex according to claim 6, wherein said virus is a member of a virus family selected from the group consisting 
of Orthomyxoviridae, Rhabdoviridae, Hepadnaviridae, Togavirtdae, Bunyaviridae, Retroviridae, Paramyxoviridae, 
Flaviviridae, Herpesviridae, Arenaviridae and Reoviridae. 

8. A complex according to claim 7, wherein said virus is selected from the group consisting of influenza virus, rabies 
virus, hepatitis B virus, eastern equine encephalitis virus, western equine encephalitis virus, Venezuelan equine 
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encephalitis virus, Japanese encephalitis virus, tick-borne encephalitis virus, Russian spring-summer encephalitis 
virus, Rift Valley fever virus, and human immunodeficiency virus. 

9. A method of preparing a complex according to claim 5 wherein said lipid bilayer-encapsulated antigen is incubated 
5 in the presence of a-galaciosyl epitope containing gtycosphmgolipids to effect insertion of said a-galactosyl 

epitopes into said lipid bi layer. 

10. A method of opsonizing a tumor cell from an anti-Gal-synthesizing animal having a tumor comprising 

10 obtaining said cell from said animal; 

incubating said cell in the presence of a preparation of a-galactosyl epitope containing glycosphingolipids to 
effect insertion of said a-galactosyl epitopes into the membrane of said cell; and 
irradiating said a-galactosyl epitope containing cell. 

is 1 1 . A method of opsonizing a tumor associated antigen from an anti-Gal-synthesizing animal having a tumor compris- 
ing 

obtaining a tumor associated antigen containing cell from said animal; 
extracting the cell membrane of said ceil; and 
20 incubating said cell membrane in the presence of a-galactosyl epitope containing glycosphingolipids to effect 

insertion of said a-galactosyl epitopes into said membrane. 

12. A method of opsonizing a tumor associated antigen from an anti-Gal synthesizing animal having a tumor compris- 
ing 

25 

obtaining a tumor associated antigen containing cell from said animal; 
incubating said cell in the presence of neuraminidase; 

further incubating said cell in the presence of a1 ,3 galactosyltransf erase and UDP-galactose to effect addition 
of a-galactosyl epitopes to said tumor associated antigens; and 
30 irradiating said cell so incubated. 

13. A method of opsonizing a tumor associated antigen from an anti-Gal synthesizing animal having a tumor compris- 
ing 

35 obtaining a tumor associated antigen containing cell from said animal; 

extracting the cell membrane of said cell; 

incubating said cell membrane in the presence of neuraminidase; and 

further incubating said cell membrane in the presence of a1,3 galactosyltransferase and UDP-galactose to 
effect addition of a-galactosyl epitopes to said tumor associated antigen. 

40 

14. The method of claim 10, 11, 12 or 13, wherein said tumor is selected from the group consisting of leukemia, lym- 
phoma, myeloma, melanoma, ovarian carcinoma, lung carcinoma, mammary carcinoma, thyroid carcinoma, colon 
carcinoma and sarcoma. 

45 15. A tumor ceil from an anti-Gal synthesizing animal having a tumor, wherein said cell comprises a-galactosyl 
epitopes 

16. The cell of claim 15, wherein said tumor is selected from the group consisting of leukemia, lymphoma, myeloma, 
melanoma, ovarian carcinoma, lung carcinoma, mammary carcinoma, thyroid carcinoma, colon carcinoma and 

so sarcoma. 

17. A method of opsonizing a glycoprotein containing virus comprising 

propagating said virus in an a-galactosyl epitope containing cell to effect addition of said a-galactosyl epitopes 
55 to said virus; 

separating said virus so propagated from said cell; and 

suspending said separated virus in a pharmaceutical^ acceptable carrier. 
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18. A method of opsonizing a virus wherein said virus comprises a glycoprotein, said glycoprotein having at its carbo- 
hydrate terminus a sialic acid residue, said method comprising 

incubating said virus in the presence of neuraminidase; 

further incubating said virus in the presence of a1 ,3 galactosyltransferase and UDP-galactose to effect forma- 
tion of a-ga!actosyl epitopes on said glycoprotein; and 
suspending said virus in a pharmaceutical^ acceptably carrier. 

1 9. A method of opsonizing a virus wherein said virus comprises a non-sialic acid containing glycoprotein, said method 
comprising 

incubating said virus in the presence of a1,3 galactosyltransferase and UDP-galactose to effect formation of 
a-galactosyl epitopes on said glycoprotein; 
purifying said virus so incubated; and 

suspending said virus in a pharmaceutically acceptable carrier. 

20. The method of claim 17, 18 or 19, wherein said virus is a member of a virus family selected from the group consist- 
ing of Orthomyxoviridae, Rhabdoviridae, Hepadnavirtdae, Togaviridae, Bunyaviridae, Retroviridae, Paramyxoviri- 
dae, Flaviviridae, Herpesviridae, Arenaviridae and Reoviridae. 

21. The method of claim 20, wherein said virus is selected from the group consisting of influenza virus, rabies virus, 
hepatitis B virus, eastern equine encephalitis virus, western equine encephalitis virus, Venezuelan equine 
encephalitis virus. Japanese encephalitis virus, tick-borne encephalitis virus, Russian spring-summer encephalitis 
virus. Rift Valley fever virus, and human immunodeficiency virus. 

22. A viral vaccine effective in an anti-Gal synthesizing animal comprising an immunizing effective amount of an a- 
galactosyl epitope containing virus suspended in a pharmaceutically acceptable carrier. 

23. A viral vaccine effective in an anti-Gal synthesizing animal comprising an immunizing effective amount of an a- 
galactosyl epitope containing viral subunit suspended in a pharmaceutically acceptable carrier. 

24. An opsonized cell obtainable by the method of claim 10 or 12. 

25. An opsonized cell membrane obtainable by the method of claim 1 1 or 13. 

26. An a-galactosyl epitope containing virus suspended in a pharmaceutically acceptable carrier, obtainable by the 
method of any of claims 17 to 19. 

27. A complex according to claim 1 , 2 or 3 wherein the complex is present in a cell or cell membrane fragment. 
Patentanspruche 

1. Komplex umfassend ein a-Galaktosylepitop, ein ausgewahltes Antigen und eine Lipiddoppelschicht zur Verwen- 
dung in der Medizin. 

2. Komplex gemaB Anspruch 1 zum Ausl6sen einer immunantwort gegenuber dem ausgewahlten Antigen in einem 
anti-Gal synthetisierenden Tier. 

3. Komplex gemaB Anspruch 1 zum Opsonisieren des ausgewahlten Antigens in einem anti-Gal synthetisierenden 
Tier. 

4. Komplex gemaB einem vorangehenden Anspruch, wobei das ot-Galaktosylepitop innerhalb der Upiddoppeischicht 
enthalten ist. 

5. Komplex gemaB einem vorangehenden Anspruch, wobei das ausgewahlte Antigen in der Lipiddoppelschicht ver- 
kapselt ist. 

6. Komplex gemaB einem vorangehenden Anspruch, wobei das Antigen ein Bestandteil eines infektiosen Mittels ist, 
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das aus der aus einem Virus, einem Bakterium, einem Parasiten und einem Pilz bestehenden Gruppe ausgewahlt 
ist. 

7. Komplex gemaR Anspruch 6, wobei das Virus ein Mitglied einer Virusfamilie ist, die aus der aus Orthom/xoviridae, 
5 Rhabdoviridae, Hepadnaviridae, Togaviridae, Bunyaviridae, Retroviridae, Paramyxoviridae, Flaviviridae, Herpesvi- 

ridae, Arenaviridae und Reoviridae bestehenden Gruppe ausgewahlt ist. 

8. Komplex gema3 Anspruch 7, wobei das Virus aus der aus dem Grippevirus, Tolfwutvirus, Hepatitis-B- Virus, ostli- 
chen Pferdeenzephalitisvirus, westlichen Pferdeenzephalitisvirus, venezolanischen Pferdeenzephalitisvirus, japa- 

10 nischen Enzephalitisvirus, durch Zecken ubertragenen Enzephalitisvirus, russischen Fruhjahr-Sommer- 
Enzephalitisvirus, Rift-Valley-Fiebervirus und Humanimmunschwachevirus bestehenden Gruppe ausgewahlt ist. 

9. Verfahren zum Herstellen eines Komplexes gemaG Anspruch 5, wobei das in der Lipiddoppeischicht verkapselte 
Antigen in Gegenwart a-Galaktosylepitope enthaltender Glykosphingolipide unter Bewirken der Inserierung der a> 

15 Galaktosylepitope in die Lipiddoppeischicht inkubiert wird. 

10. Verfahren zum Opsonisieren einer Tumorzelle aus einem anti-Gal synthetisierenden Tier mit einem Tumor, umfas- 
send das 

20 Erhalten der Zelle aus dem Tier, 

Inkubieren der Zelle in Gegenwart einer Zubereitung a-Galaktosylepitope enthaltender Glykosphingolipide 
unter Bewirken der Inserierung der a-Galaktosylepitope in die Membran der Zelle und 
Bestrahlen der a-Galaktosylepitope enthaltenden Zelle. 

25 11. Verfahren zum Opsonisieren eines mit einem Tumor verbundenden Antigens aus einem anti-Gal synthetisierenden 
Tier mit einem Tumor, umfassend das 

Erhalten einer ein mit einem Tumor verbundenes Antigen enthaltenden Zelle aus dem Tier, 
Extrahieren der Zellmembran der Zelle und 
30 Inkubieren der Zelimerobran in Gegenwart a-Galaktosylepitope enthaltender Glykosphingolipide unter Bewir- 

ken der Inserierung der a-Galaktosylepitope in die Membran. 

12. Verfahren zum Opsonisieren eines mit einem Tumor verbundenen Antigens aus einem anti-Gal synthetisierenden 
Tier mit einem Tumor, umfassend das 

35 

Erhalten einer ein mit einem Tumor verbundenes Antigen enthaltenden Zelle aus dem Tier, 
Inkubieren der Zelle in Gegenwart von Neuraminidase, 

weiter Inkubieren der Zelle in Gegenwart von al ,3-Galaktosyltransferase und UDP-Galaktose unter Bewirken 
der Addition von a-Galaktosylepitopen an die mit einem Tumor verbundenen Antigene und 
40 Bestrahlen der auf diese Weise inkubierten Zelle. 

13. Verfahren zum Opsonisieren eines mit einem Tumor verbundenen Antigens aus einem anti-Gal synthetisierenden 
Tier mit einem Tumor, umfassend das 

45 Erhalten einer ein mit einem Tumor verbundenes Antigen enthaltenden Zelle aus dem Tier, 

Extrahieren der Zellmembran aus der Zelle, 

Inkubieren der Zellmembran in Gegenwart von Neuraminidase und weiter Inkubieren der Zellmembran in 
Gegenwart von a1 ,3-Galaktosyltransferase und UDP-Galaktose unter Bewirken der Addition von a-Galaktosy- 
leprtopen an das mit einem Tumor verbundene Antigen. 

50 

14. Verfahren von Anspruch 10, 11. 12 oder 13, wobei der Tumor aus der aus Leukamie, Lymphom, Myelom, Melanom, 
Ovarkarzinom, Lungenkarzinom, Maminakarzinom, Schilddrusenkarzinom, Darmkrebs und Sarkom bestehenden 
Gruppe ausgewahlt ist. 

55 15. Tumorzelle aus einem anti-Gal synthetisierenden Tier mit einem Tumor, wobei die Zelle a-Galaktosylepitope 
umfaGt. 

16. Zelle von Anspruch 15, wobei der Tumor aus der Gruppe ausgewahlt ist, die aus Leukamie. Lymphom, Myelom, 
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Melanom, Ovarkarzinom, Lungenkarzinom, Mammakarzinom, Schilddrusenkarzinom, Darmkrebs und Sarkom 
bestehenden Gruppe ausgewahlt ist. 

17. Verfahren zum Opsonisieren eines glykoproteinhaltigen Virus, umfassend das 

5 

Vermehren des Virus in einer ct-Galaktosylepitope enthartenden Zelle unter Bewirken der Addition der a- 
Galaktosylepitope an das Virus, 

Abtrennen des auf diese Weise vermehrten Virus aus der Zelle und 

Suspendieren des abgetrennten Virus in einem pharmazeutisch annehmbaren Trager. 

w 

18. Verfahren zum Opsonisieren eines Virus, wobei das Virus ein Glycoprotein umfaBt, das Glykoprotein an seinem 
Kohlenhydratterminus einen Sialinsaurerest aufweist und das Verfahren 

das Inkubieren des Virus in Gegenwart von Neuraminidase, 
75 das wertere Inkubieren des Virus in Gegenwart von a1,3-Galaktosyltransf erase und UDP-Galaktose unter 

Bewirken der BikJung von a-Galaktosylepitopen auf dem Glykoprotein und 
das Suspendieren des Virus in einem pharmazeutisch annehmbaren Trager umfa(3t. 

19. Verfahren zum Opsonisieren eines Virus, wobei das Virus ein keine Sialinsaure errthaftendes Glykoprotein umfafrt 
20 und das Verfahren das 

Inkubieren des Virus in Gegenwart von a1 ,3-Galaktosyltransferase und UDP-Galaktose unter Bewirken der 
Bildung von a-Galaktosylepitopen auf dem Glykoprotein, 

Reinigen des auf diese Weise inkubierten Virus und Suspendieren des Virus in einem pharmazeutisch 
25 annehmbaren Trager umfaBt 

20. Verfahren von Anspruch 17, 18 oder 19, wobei das Virus ein Mrtglied einer Virusfamilie ist, die aus der aus Ortho- 
myxoviridae. Rhabdoviridae, Hepadnaviridae, Togaviridae, Bunyaviridae, Retroviridae, Paramyxoviridae, Flaviviri- 
dae, Herpesviridae, Arenaviridae und Reoviridae bestehenden Gruppe ausgewahlt ist. 

30 

21. Verfahren von Anspruch 20, wobei das Virus aus der aus dem Grippevirus, Tollwutvirus, Hepatitis-B-Virus, ostli- 
chen Pferdeenzephalitisvirus, westlichen Pferdeenzephalitisvirus, venezolanischen Pferdeenzephalitisvirus, japa- 
nischen Enzephalitisvirus, durch Zecken ubertragenen Enzephalitisvirus, russischen Fruhjahr-Sommer- 
Enzephalitisvirus, Rift-Valley-Fiebervirus und Humanimmunschwachevirus bestehenden Gruppe ausgewahlt ist. 

35 

22. In einem anti-Gal synthetisierenden Tier wirksamer Virusimpfstoff, umfassend eine immunisierungswirksame 
Menge eines oc-Galaktosyl epitope enthaltenden Virus, das in einem pharmazeutisch annehmbaren Trager suspen- 
diert ist 

40 23. In einem anti-Gal synthetisierenden Tier wirksamer Virusimpfstoff, umfassend eine eine immunisierungswirksame 
Menge einer a-Galaktosylepitope enthaltende Virusuntereinhert, die in einem pharmazeutisch annehmbaren Tra- 
ger suspendiert ist 

24. Opsonisierte Zelle, die durch das Verfahren von Anspruch 10 oder 12 erhaltlich ist. 

45 

25. Opsonisierte Zeilmembran, die durch das Verfahren von Anspruch 1 1 oder 13 erhaltlich ist 

26. Ein a-Galaktosyleprtope enthaltendes Virus, das in einem pharmazeutisch annehmbaren Trager suspendiert ist 
und das durch das Verfahren eines der Anspruche 17 bis 19 erhaltlich ist. 

50 

27. Komplex gemaB Anspruch 1 , 2 oder 3, wobei der Komplex in einer Zelle oder einem Zellmembranfragment vorliegt. 
Revendications 

55 1. Complexe contenant un epitope, ct-galactosyle, un antig&ne selectionne et une bi-couche de lipides pour I'emploi 
en medecine. 

2. Complexe selon la revendication 1 , 
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pour I'induction dune reponse immune pour I'antigene selectionne chez un animal qui synthetise un anti-Gal. 

3. Complexe selon la revendication 1, 

pour opsoniser I'antigene selectionne chez un animal synthetisant un anti-Gal. 

£ 

4. Complexe selon Tune quelconque des revendication s precedences, 
caracterise en ce que 

I'epitope a-galactosyte est contenu a I'interieur de la bicouche de tipides. 

io 5. Complexe selon Tune quelconque des revendication s precedentes, 
caracterise en ce que 

I'antigene selectionne est encapsule dans la bi-couche de lipides. 

6. Complexe selon Tune quelconque des revendications precedentes, 
is caracterise en ce que 

I'antigene est un composant d'un agent infectieux choisi dans le groupe consistarrt en un virus, une bacterie, un 
parasite et un champignon. 

7. Complexe selon la revendication 6. 
20 caracterise en ce que 

le virus est un membre d'une famille de virus choisis dans le groupe qui consiste en des orthomyxoviridees, des 
rhabdoviridees, des hepadnaviridees, des togaviridees, des bunyaviridees, des retroviridees, des paramyxoviri- 
dees. des f laviridees. des herpesviridees, des arenaviridees et des reoviridees. 

25 8. Complexe selon la revendication 7, 
caracterise en ce que 

le virus est choisi dans le groupe comprenant le virus de llnf luenza, le virus des oreillons, le virus de ITiepatite B, 
le virus de I'encephalite equine orientale, le virus de I'encephalite equine occidentale, le virus de I'encephalite 
equine venezuelienne, le virus de I'encephalite japonaise, le virus de I'encephalite provoquee par une tique, le virus 
30 de I'encephalite printemps-ete russe, le virus de la fievre de la Rift-Valley et le virus de I'immuno deficience 
humaine. 

9. Procede de preparation d'un complexe selon la revendication 5, 
caract6ris6 en ce que 

35 I'antigene encapsule en bi-couches de lipides, est mis a incuber en presence de glycosphingolipides contenarrt un 
epitope a-galactosyle pour effectuer insertion des epitopes a-gaJactosyles dans la bi-couche de lipides. 

10. Proc6d6 d'opsonisation d'une cellule de tumeur provenant d'un animal syrrthetisant un anti-Cal, ayant une tumeur, 
comprenant : 

40 

Tobtention de cette cellule a partir de cet animal, 

I'incubation de la cellule en presence d'une preparation de glycosphingolipides contenant I'epitope a-galacto- 
sy!6 pour effectuer insertion des epitopes a-galactosyles dans la membrane de cette cellule, et 
Tirradiation de cette cellule contenant ('epitope a-galactosyie. 

45 

1 1 . Procede d'opsonisation d'un antigene associe a une tumeur provenant d'un animal synthetisant un anti-Gal, ayant 
une tumeur, comprenant : 

Tobtention d'une cellule contenant I'antigene associe a la tumeur provenant de cet animal, 
so - I'extraction de la membrane cellulaire de cette cellule, et 

la mise en incubation de cette membrane cellulaire en presence de glycosphingolipides contenant I'epitope a- 
galactosyle pour effectuer I'insertion de ces epitopes a-galactosyles dans cette membrane. 

12. Precede d'opsonisation d'un antigene associe a une tumeur provenant d'un animal synthetisant un anti-Gal, ayant 
55 une tumeur, comprenant : 

Tobtention d'une cellule contenant I'antigene associe a la tumeur provenant de cet animal, 
la mise en incubation de cette cellule on presence de neuraminidase, 
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la mise on incubation a nouveau de cette cellule on presence de a1 ,3-galactosyitransferase el d'UDP-galae- 
tose pour effectuer ['addition d'epitopes a-galactosyles a ces antigenes associes a la tumeur, et 
1'irradiation de cette cellule ainsi mise en incubation. 

5 13. Procede d'opsonisation dun antigene associe a une turneur provenant d'un anima! synthetisant un anti-Gal, ayant 
une turneur, comprenant : 

I'obtention d'une cellule contenant I'antigene associe a une tumeur a partir de cet animal, 
Textraction de la membrane cellulaire de cette cellule, 
w - la mise en incubation de cette membrane cellulaire en presence de neuraminidase, et 

la mise en incubation a nouveau de cette membrane cellulaire en presence de a1 ,3-galactosyltransferase et 
d'UDP-galactose, pour effectuer ('addition des epitopes a-galactosyles a I'antigene associe a cette tumeur. 

1 4. Procede selon les revendications 1 0, 11 , 1 2 ou 1 3, 
is caracterise en ce que 

la tumeur est choisie dans le groupe comprenant la leucemie, le lymphome, le myelome, le melanome, le carci- 
nome ovarien, le carcinome pulmonaire, le carcinome mammaire, le carcinome thyroidien, le carcinome du colon, 
et le sarcome. 

20 15. Cellule tumorale provenant d'un animal synthetisant un anti-Gal, ayant une tumeur 
caracterisee en ce que 

cette cellule comprend des epitopes a-galactosytes. 

16. Cellule selon la revendication 15, 
25 caracterisee en ce que 

la tumeur est choisie dans le groupe consistant en la leucemie, le lymphome, le myelome, le melanome, le carci- 
nome ovarien, le carcinome pulmonaire, le carcinome mammaire, le carcinome du colon, et le sarcome. 

17. Procede d'opsonisation d'un virus contenant une glycoproteine, comprenant : 

30 

la propagation de ce virus dans une cellule contenant un epitope a-galactosyle pour effectuer l addition de ces 

epitopes a-galactosyles dans ce virus, 

la separation de ce virus ainsi propage de cette cellule, et 

la mise en suspension de ce virus separ6 dans un support pharmaceutiquement acceptable. 

35 

18. Procede d'opsonisation d'un virus qui comprend une glycoproteine, cette glycoproteine ayant a son extremite 
hydrocarbonee un reste d'acide sialique, ce procede comprenant : 

la mise on incubation a nouveau de ce virus on pr6sence de neuraminidase, 
40 - la mise an incubation a nouveau de ce virus on presence de a1 ,3-galactosyltransferase et d'UDP-galactose 
pour effectuer la formation d'epitopes a-galactosyles sur cette glycoproteine, et 
la mise an suspension de ce virus dans un support pharmaceutiquement acceptable. 

1 9. Procede d'opsonisation d'un virus qui contient une glycoproteine qui ne contient pas d'acide sialique, procede com- 
45 prenant : 

la mise on incubation de ce virus on presence d'al ,3-galactosyltransferase et d'UDP-galactose pour effectuer 
la formation d'epitopes a-galactosyles sur cette glycoproteine, 
la purification de ce virus ainsi incube. et 
so - la mise en suspension de ce virus dans un support pharmaceutique acceptable. 

20. Procede selon la revendication 17, 18 ou 19, 
caracterise en ce que 

le virus est un element de la famille des virus choisis dans le groupe comprenant les or thorny xoviridees, les rhab- 
55 doviridees, les hepadnaviridees, les togaviridees, les bunyaviridees, les retroviridees, les paramyxoviridees, les f la- 
viviridees, les herpesviridees, les arenaviridees et les reoviridees. 

21 . Procede selon la revendication 20, 
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caracterise en ce que 

le virus est choisi dans te groupe comprenarrt le virus de I'irrfluenza, le virus des oreillons, le virus de I'hepatite B, 
le virus de I'encephalite equine orientale, le virus de I'encephalite equine occidentale, le virus de I'encephalite 
equine venezuelienne, le virus de I'encephalite japonaise. le virus de I'encephalite provoquee par une tique, !e virus 
de I'encephalite printemps-ete russe, le virus de la fievre de la Rift-Valley et le virus de I'immuno deficience 
humaine. 

22. Vaccin viral efficace chez un animal qui synthetise un anti-Gal, comprenant une quantite efficace pour irnmuniser 
d'un virus contenant un epitope a-galactosyle, mise en suspension dans un support acceptable pharmaceutique- 
rnent. 

23. Vaccin viral efficace chez un animal qui synthetise un anti-Gal, comprenant une quantite efficace pour irnmuniser 
d'une sous-unite virale contenant un epitope a-galactosyle, mise en suspension dans un support acceptable phar- 
maceutiquement. 

24. Cellule opsonisee que Ton peutobtenir par le procede de la revendication 10 ou 12. 

25. Membrane de cellule opsonisee que Ton peut obtenir par le procede de la revendication 11 ou 13. 

26. Virus contenant un epitope a-galactosyl6 mis en suspension dans un support acceptable pharmaceutiquement, 
que Ton peut obtenir par le procede de Tune quelconque des revendications 17 a 19. 

27. Complexe selon la revendication 1 , 2 ou 3, 
caracterise en ce que 

le complexe est present dans une cellule ou dans un fragment de membrane cellulaire. 
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